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ABSTRACT 

This study concerns radial diffusion in the dense-phase 
particulately fluidized heds of cylindrical partielfia. Experiments 
were performed with a tracer dye diffusing from a point source into 
beds of insulation beads (size: 5.5 nan x 3.5 mm) fluidijzed in water. 

In all, four sampling probes were used and samplings done at 
eight radial positions of the sampling probe. Concentration profiles 
were studied for 150,250,350 and 450 gm, weights of beds at a flow 
rate of 8 litres per minute. Concentration profiles were also studied 
for the 450 gm bed in the flow rate range of 6 to 13 liters per minute. 

The experimental range of modified Reynolds number was from 
173 to 374 encompassing fractions void between 0,56 and 0,70. Compur- 
tations were made of eddy diffusivity and modified Peclfet group. The 
diffusion model was based on a modified form of Piclc's law, solved 
for two different boundary conditions. 

Results showed non.,dependence of eddy diffusivity en radial 
positions and also a significant change in eddy diffusivity in 
transition from a fixed bed to the fluidized bed. Plots of modified 
Peclet group with modified Reynolds number indicated a peak in 
transition from the fixed state to the fluidized state of the bed 
signifying minimum mixing at the minimum fluidization point. 


* * * * 
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= Eluid bed radius, cm. 

= Actual flow rate, liter/min. 

= Concentration of diffusing material, gm/liter 
= Mixed average concentration in column effluent, gm/lit. 

= Particle diameter, cm. 

2 

= Eddy diffusion coefficient. Cm /sec. 

= lube diameter, cm. 

= Plow rate as shown by rotameter, liter/min. 

= Bed height, cm. 

= Bessel function of first kind, zero order 
= Liter per minute 

= Modified Beclet number 
= Modified Reynolds number. 

2 

= Pressure drop in fluid, gmf/cm 
= Eadial distance, cm. 

= Pressure difference shown by monometer filled with 
CCl^, cm. 

= lime, see. 

= Average fluid velocity, cm/sec. 

= Distance in the direction of flow, cm. 

= Eractions void 

= Positive roots of Bessel function of first kind 
first order. Dividing roots by ’a' gives values of 

^n* 



INTRODUCl'IOK- 


Fluidized systems have been of great interest in industry 
for the past two decades and have come into prominence for use 
as chemical reactors. In most cases the yields tf such reactors 
are highest when the radial mass transfer processes are maximized 
and the axial mass transfer processes minimized, Ihe complicated; 
hydrodynamic situation in fluidization defies theoretical analysis, 
except for very simplified and inexact approaches. Consequently 
there has been increased effort in the direction of definitive 
exp er im ent a t ion . 

The term "fluidization" wa,s invented to describe a certain 
mode of contacting granular solids with fluids. The so-called 
fluidized bed results when a fluid is caused to flow upward through 
a bed of suitably sized solid particles at a velocity sufficiently 
high to buoy the particles and to impart to them a violently tur- 
bulent, fluid like motion. .Fluid velocities must be used which are 
intermediate between the velocity which will just buoy the particle 
bed and the velocity which will sweep the bed out of its container. 
In other words, the fluidized bed is a relatively stable condition 
of fluid- solid contacting which is intermediate to a packed column, 
on one hand, and pneumatic transport on the other. 
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iChe behavior of a fluidized bed varies with the conditions 
of fluidization. If a fluid (s^y, water) is passed upward through 
a bed of solid particles, the fluid wall flow through the inter- 
stices between the particles and a pressure loss will be realized. 
If the fluid flow rate is increased slowly, the pressure loss will 
increase slowly and eventualljr ,? point will be reached where the 
upward drag exerted on the particles by the fluid just equals the 

weight of the particles. At this point the bed is weightless, 

# 

Increasing fluid velocity slightly will cause the pressure loss 
and hence the upward drag on the particles to increase, thereby 
exceeding the pull of gravity on the particles. Ihe ascending 
fluid will therefore lift the particles, increasing the bed voidage 
and decreasing the interstitial velocity until the forces on the 
particles are again in balance. Further increases in fluid 
velocity will c^iuse further bed expansion. Eventually the bed 
will expand beyond the limits of the containing vessel and the 
particles will be transported by the fluid stream, Ihis type of 
behavior has been termed "particulate fluidization". 

Originally the particles formed a so-called "fixed bed", 
the characteristics of which are that the particles contained in 
the bed are motionless and are supported by contact with each 
other, 

There exists a certa.in rate of fluid flow at which the 
solids bed will be expanded to such point that the particles 
may move within the bed. This condition is known as "onset of 
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fluidization”, or the "fluidizing point", A bed which has 
passed the fluidizing point is knovm as "a dense-phase fluidized 
bed", or simply as a "fluidized bed". 

Wien the fluid velocity is only slightly above that 
required for the onset of fluidization, there results what is 
known as a "quiescent fluidized bed". In this state, which is 
also known as the "minimuni— fluidisation state", the particles in 
the bed display little or no mixing. 

A.s the fluid velocity is somev/hat increased, the bed expands 
and the solids tend to mix readily. This state is known as a 
"turbulent fluidized bed". If the fluid velocity is considerably 
increased, the bed expands greatl.y and a condition of great solids 
dilution is created. The solids are then entrained in the fluid 
and are carried upward. This state is known a.s "dilute fluidized 
phase". 

The basic characteristics of the dense-phase fluidized 
bed are (l) a comparatively low bed voidage of the order of 
magnitude of, say, 50 to 70 per cent and (2) the fact that the 
solids bed as a whole is fixed relative to the wall of the 
confining vessel. 

Particulate (Homogeneous) fluidization occurs in cs-ses 
where the fluid and solid densities are not too different, where 
the particles are small, and therefore where the velocity of flow 
The bed fluidizes evenly Vrith each particle mom ng 


is low,. 
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individually through a relatively uniform mean free path. The 
solid phase ho.s manj?- of the characteristics of a gas. Particulate 
fluidizaticn is achieved in high-density fluids with small density 
difference between particle ^'nd fluid, as in glass beads suspended 
in a rising stream of water. 

Aggregative (non-homogeneous) fluidization occurs where 
the fluid and solid densities are greatly different or the particles 
are large, 'The velocity of flow will be relatively high. In this 
case, fluidization is uneven, and the fluid passes through the 
bed mainly in large bubbles. These bubbles burst at the surface 
spraying solid particles above the bed. Here, the bed has many 
of the characteristics of a liquid with the fluid acting as a gas 
bubbling through it. Experiment-^lly ^ aggregative fluidization 
occurs with a ga*s as the fluid phase. 

Intensive mixing of the solid material and fluid can occur 
in fluidizedi beds. Mixing assists some processes &. hinders others;, 
it has very important effects on heat and mass transfer and on 
chemical reactions. The study of mixing is therefore of considerabl 
practical interest and has occupied the attention of many researchers 
but because of its complexity the subject has still only been 
superficially investigated. 

Mixing of the material in a fluidized bed permits equali- 
zation of the bed temperatures even when it is used for carrying 
out a process in which a large heat effect is involved; it also. 
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leads to an increase in the heat transfer rate between a flui- 
dised bed and heated •r co*led walls surrounding it. Thus the 
temper'll turc of the fluidised bed can be kept at a constant level. 

Magor application of fluidisation goes to chemical conversion 
or synthesis. The maintenance of a uniform temperature is 
essential in controlling the selectivity of the desirable product 
and to eliminate or to reduce the amount of undesirable by-products 
resulting from side reactions. Along with the transfer of heat, 
the transfer of mass, especially its rate, becomes important in 
determining the rate of conversion in a fluidised reactor. For 
the design of a fluidized reactor it is necessary to have a 
quantitative knowledge of heat and mass transfer in such reactor. 

The function of most solids used in fluidized systems is 
to act as a catalyst for some type of chemical reaction. In 
order for the solid particles to perform as catalysts, there must 
be intimate contact between the solids and reactant materials. 

Thus, in addition to a high level of heat transfer, this requires 
that mass be transferred from the bulk fluid to the catalyst 
surface and subsequently that the products of the reaction be 
transferred from the catalyst surface back into the bulk stream. 

The mechanism of fluid mixing in tluidized beds is far 
from being satisfactorily understood. Although for the point of 
incipient fluidization, and slightly beyond, the fluid flow 
pattern is probably similar to that in fixed beds, the fact is 
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not of very rauch worth because the fixed-bed flow mechanism 
is itself still largely enigmatic. Fluid-mixing studies that 
have so far been reported for the dense-phase fluidized state 
are of a limited nature so far as equipment size, materials, and 
operating conditions are concerned - Moreover, all studies 

were made in nonreactive systems. 

Mixing of gases in fluidized beds has been the subject of 
a large number of investigations £76,7,8,9,10,117. 

fhe importance of the present work lies in the fact that 
fluid mixing has been studied in a dense-phase particulately 
fluidized bed of uniform solid, nonspherical particles iii water. 
The few investigations hitherto made in the liquid solid systems 
consist mainly in the study of fluid mixing in a bed of spherical 
particles fluidized in water, i- review of these will be made in 
the follov/ing chapter, 

Another important point worth mentioning is that the 
catalysts generally used in th#fluidized bed reactors are not 
spherical but are more or less cylindrical in shape. 


*** 



A REVIEW OP EABLIER IlWESTIGiTIONS 


Wicke and Irawinski Jj\J , Hanratty, Latinen and Wilhelm [^ , 
Blickle and Kaldl /3_/ and Cairns and Prausnitz (Jy] have investi- 
gated fluid mixing in particiilately fluidized beds of solid 
spherical particles. 

Wicke vand Trawinski [a] fluidized beds of glass spheres 
and alumina and plastic graniiles extending over a range of 0,9 to 
12 mm diameter with water in tubes of 90 mm diameter. Tracer 
liquid (5®" hydrochloric acid solution or hot water) was fed in 
continuously through a tube of 4- or 6-mm diameter placed axially 
with its outlet in the plane of the bed support screen. The con- 
centrations of hydrochloric acid at various points were determined 
by electroconductivity probes. In those cases where hot water 
was used as tracer liquid, thermocouples were used as probes. 

The experimental data agreed approximately with the Gaussian 
distribution function: 

C(r, Z) = k I (2.1 ) 

where is the liquid diffusivity, and k is a constant. 

Equation (2.1) resulted from an assumption that the distribution 
of the tracer into the main liquid proceeded according to 1he 
differential equation 
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'do ^ h^G 


( 2 . 2 ) 


which describes one- dimensional diffusion. 

The diffusion coefficient, was found to depend on 
system variables as follows*- 


t . increases linearly with the liquid flow rate. 

2. increases with particle diameter, 

!Che above observant ions yield 

Dj- = 0.33 (2,3) 

The bases of the units of equation (2,3) are feet and hours, 
Pluidized-bed height and height above tracer injection had little 
or no effect on nor was the effect of solid material definitely 
established. There. was good agreement between values obtained 
from the acid injection and hot-w.ater injection methods. 


Hanratty, Latinen and Wilhelm /V investigated the mixing 
of the fluid stream in a water-fluidized bed of glass spheres 
(D = 3 mm) in a 54-mm- diameter tube. A tracer (aqueous solution 

Jr 

of methylene blue dye) was fed in axially through a tracer 
injection tube of l/8 in, O.D, and 1/16 in. I.D, Liquid saiaples 
were taken at various points in the bed and analyzed electro- 
photometrically. This investigation covered a much wider range 
of bed expansions than that of Wicke and Trawinski,_ The Hanratty 
et.al. paper goes extensively into a theoretical discussion of 
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turbulence, nnd it is pointed out that, in a particiiLately flui- 
dizing bed operating between extreme voidages ranging from fixed 
bed to the empty tube, the mixing properties may be defined by 
the Peclet number, a turbulence intensity, a measure of the 
lifetime of a turbulent eddy, and a so-called turbulence scale. 

A plot of the Peclet number, versus the Reynolds number 

produced, for a particulately fluidizing bed, a curve that passes 
through a minimum. Ihis occurs at a fluid mass velocity for which 
the bed has a voidage of about 70 per cent, 

Ror cross sections that were substantially above the dye 
infection point the dye distribution was found to be G-aussian, 

Por lateral positions closer to the origin of the dye the experi- 
moiial distribution data deviated from the Gauss curve in the 
extreme radial regions. Ihe distribution data seemed to be of 
the type rej)orted by Wicke and lirawinslci. 

EL icicle and Kaldi [%J used a noncontinuous tracer feed 
(EaCl solution) and determined the change in concentration at the 
bed outlet. Ihe mixing coefficient increased initially with 
increase in the superficial fluid velocity but then began to fall 
off, Ihe authors explained that one reason for-this could be the 
marked decrease in particle concentration in the bed at large fluid 
velocities. 

Cairns and Prausnitz [^J studied the longitudinal mixing 
of water in fluidized beds of glass (E = 3.2 ram) and lead 

ir 

(Dp = 113 and 3.0 mm) spheres in 50-and 100-mm- diameter along the 
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axis at intervals of* five bed diameters from the electrolyte . 
tracer feed point. Ihe electrolyte (sodium nitrate solution) 
was introduced simultaneously at 156 points over the cross section; 
even at an axial distance of five particle diameters the nonuni- 
formity of the concentration profile did not exceed 9 per cent when 
the electrolyte was supplied continuously. By using a by-pass 
line with a rapid-acting solenoid reversing valve it was possible 
to cut off the electrolyte supply very rapidly. jEiadial profiles 
of the electrical conductivit;/ were obtained by using small 3-mm- 
diameter probes to measure the electrical conductivity of a 
volume of the order of 1 mm. The electrolyte concentration was 
assumed proportional to the electrical conductivity. The bed 
voidage had an import^^nt effect on the intensity of longitudinal 
mixing; maximum mixing was observed at a bed voidage of 70 per 
cent. The effective longitudinal turbulent diffusivity depended 
directly on the bulk density of the p-^rticles and the ratio of 
bed diameter to particle diameter, The turbulmt diffusivity 

is a function of the product of a characteristic length and a 
characteristic velocity; a nonuniform profile of the longitudinal 
diffusivity. According to the data of Cairns and Prausnitz, the 
ratio of the mean-longitudinal turbulent diffusivity to the radial 
diffusivity was 20-50 under conditions of maximum nonuniformity 
of the fluid velocity profile of +20 per cent. 



EQUIPMENT, PROCEDURE AITO EXPERMEllTAL DETAILS 


Particle Specifications ^ 

The particulately fluidized bed used in the present work 
consisted of uniformly sized cylindrical insulation beads 
suspended in an upv/erd streem of water flowing in a 57-iQni tube. ■ 
The equivalent diameter of the bead was 4»65mm. The actual 
density of the particle was 2.44 GM/CO, The bed density of the 
particles was 1.07 GM/OC. 

Apparatus ‘ 

A sketch of the equipment used is shown in Pigure 3.1* 
Eeatures of the design are as follows *• 

The main test column was a brass tube 5.7 cm.I.D. , 38.1 cm. 
long. Aqueous methylene blue dye solution of concentration 
?^'/l,000 ml. was admitted to the fluidized bed of particles from 
a centrally located copper tube entering from the bottom, Bie 
tracer tube was 1/16 in.I.D. , l/8 in.O.D. , and its point of 
injection was kept at a position flush with the support plate. 

The tracer injection system consisted of a Beckmann solution 
metering pump (a piston and cylinder arrangement) which received 
the dye from an overhead storage tank. The pump worked at 
115 volts and had a range of delivering 0-20 ml. /min. The 
circular sca.le on the pump indicated the flow being delivered 



_WATER MAIN 

-CONSTANT HEAD WATER TANK 




CD 





FiG.a.I-EQUIPMENT ARRANGEMENT FOR DIFFUSION STUDIES IN 
FLUIDIZED BEDS 
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in ml. /min. The scale was calibrated so that an accurately 
known volume of liquid was being delivered per unit of time. 

A calming section preceded the main test column to ensure 
a uniform- flov/ profile and to break up any large-scale eddies 
which might have formed. The calming section consisted of a 
12 in. length of Brass piping packed with I /4 in. glass spheres, 

A straightening section made of glass tube 5.7 cm.I.D. 
and 12 in. long was provided on the top of the main test column. 
This section helped in minimizing the end effect at the exist 
of main test section and checking the entrainment of air bubbles, 
if any, in the column stream. 

The main water stream was pumped to the bottom of the 
calming section by means of a 1 hp. centrifugal pump. 

The support plate for 1he bed was a 5/l6 in. thick per-' 
forated distributor plate with uniform l/32 in. holes. The 
holes were arranged so that the open area was about 38 per cent 
of the area of the test section. . The flow distributor ensured 
that flow entering the test section possessed a relatively flat 
velocity profile. 

Water flow rates were measured by means of a rotameter 
having a range of <^-29 liter/min. , and the tracer- dye flow rate 
was determined from the known water flow rate and the average 
concentration in the column effluent. 
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The sampling prole mechanism is shown in Pigure 3.2'. 

The sampling probe trairersed radially. It consisted of a hori- 
zontal section of 1/16 in. I.D. and l/8 in. O.D. Copper tubing 
bent into a vertical segment at its sampling point. The probe 
mechanism consisted of a cylindrical piece of brass 1 in. O.D,, 

7/8 in.I.D, and 3 in. long. It was threaded inside with one 
«nd open and the other closed except for a central hole of l/8 in. 
diameter. Another cylindrical piece of brass 7/8 in. diameter and 
3 in. long could be fitted into the piece mentioned above by 
means of threads (24 thread/in. ) on its outside. There was a 
coaxial hole l/8 inch diameter drilled throughout the piece. 

The sampling tube was pushed through this hole and was made to 
have a t5.ght fit so that whenever the inner cylindrical piece of 
brass was rotated the sampling tube also rotated alongwith. The 
probe mechanism was fitted by means of threads into a socket 
brazed on the surface of the test column so that the sampling 
tube with its vertical segment entered the test column through 
a hole (slightly bigger than the O.D. of the tube) drilled through 
the surface of the column.. The position of the tip of the 
sampling tube was so adjusted that it could be moved radially 
from the axis of the test colimn to a position near the wall 
of the c-olumn. The radial position of the sampling tip .of the 
probe at any time could be read from a horizontal scale fixed 
onto the probe mechanism. In all there were used five sampling 
probes alongwith their mechanisms fitted at intervals of l-g- in* 
on the column starting from -Hie'' bottom. 




FIG.3.2_ PRO&E MECHANISM 
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Prote samples were analyzed with a spectronic-20 
calorimeter at a wavelength of 594 m^.. The colorimeter was 
first calibrated for the tracer-dye by noting the Transmittance 
of a solution of known concentration. 

In order to fa.cilita.te a visual study of the bed expansions 
versus the flow rates a glass column exactly identical with the 
brass-made main test column was procured. ^Qie glass colimin was 
fitted into the place of the main test column and all visual 
studies of bed expansions for different flow rates and different 
bed weights were carried out. 

Procedure: 

Data was obtained over a range of fluidized bed properties 
depending on the flow rates, bed heights and fractions void. 

The operating procedure was as follows. After the lines 
were flushed, wa.ter was admitted to the column which contained 
a known weight of beads. The flow rate was maintained at a 
predetermined value. After an initial flushing of lines, the 
dye rate was adjusted to a velocity slightly less than that of 
the surrounding water stream. Time-average tracer samples 
were secured by a slow, uniform withdrawl over a period ranging 
from 2 to 3 minutes. Sample compositions do not depend on 
withdrawl rates at these low withdrawl velocities. 



17 


Rotameter Calibration "• 

Hie rotameter had a range of 0-25 LRM. Its calibration 
was done by noting the volume of water flowing in a known time. 

Ihis volume expressed in terms of litre per minute was plotted 
against the reading indicated by the rotameter. Similar points 
were collected by increasing and decreasing the flow rates. A set 
of points was thus obtained. A line was drawn through them which 
passed through the origin. Ihe calibration data are shown in 
Table 5.1 and the plot is shown in Rig. 5.1. 

Pressure Drop Data ' 

Pressure drop measurements were made by means of a 
manometer filled with CCl^ colored with iodine. Pressure taps 
were provided in the test column. Pressirre drop data were collected 
for various flow rates starting from the lowest rotameter reading. 
The data are shown in Table 5.2. Pigure 5.2 shows a plot of 
log (pressure drop in fluid) versus log (fluid velocity). This 
curve is characteristic of the fluidized bed under study. 

Void Practi on ^ 1^? 

To find the void fraction of the solids bed at any height 
it is essential to have a known fraction void at a known height. 

The void fraction at any other hei^t can then be calculated by 
the following equations 

%/^1 (l-^l)/(l- ^2^ 

The initial bed heights and the corresponding fractions void were 
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as follows : 


150 gm led : H = 5.4 cm.., ^ .= 0.56 
250 gm bed : H = 9.0 cm., ^ = 0^56 
350 gm bed : H =12.6 cm., = 0.56 
450 gm bed t H =16.3 cm., ^ = 0,56 


Sampling- Probe Placements : 


In all, four sampling probes were used. The longitudinal 
placements of the probes measured from the support plate were as 
follows : 


Probe Ko.l 
Probe iro.2 
Probe lfo.3 
Probe 110.4 


S = 2.475 cm. 

Z = 6.285 cm. 

Z = 10.095 cm. 
Z = 15.905 cm. 


Radial Positions of the Sampling- Probe : 

The sampling probe was displaced radially from the axis 
of the column towards the wall by steps corresponding to two 
rotations of the Knurled head of the probe mechanism. Since there 
are 24 threads per inch on the rotating cylinder of the probe 
mechanism the sampling tip of the probe will be displaced by steps 
of 0.2117 cm. along the radius of the column. Technically speaking 
there were nine radial positions of the probe available which are 
as follows" 

Radial position R 0 .I - r = 0.0 cm. 

Radial position No. 2 - r =0.2117 cm. 

Radial position No. 3 - r = 0.423 •aa. 



Radial position No. 3 - r = 0,'635 cmi. 

Radial position Ro.5 - r = 0;846 cm. 

Radial position No. 6 - r = 1 . 05-8 cm. 

Radial position Ro.7’ - r = 1.27 cm. 

Radial position Fo.8 - r = 1.481 cm. 

Radial position Ro.9 - r = 1.692 cm. 

Spe c tr o nic-20 Colorimeter - 

In order to use the Spectronic-20 Colorimeter for the 
colorimetric . a naly-s is of the probe samples, the particular wavelength 
was found at which the tracer solution . (aqueous solution of methylene 
blue dye) indicated maximum absorbance on the scalCi The wavelength 
was found tc be 594ny^. 411 the probe samples were analyzed at this 

wavelength. 

Color im ete r Cal ibration .: 

The colorimeter mentioned above indicates the strength of a 
solution in terms of Transmittance. So a calibration of the colori- 
meter is necessary in terms of concentration versus transmittance. 

4. Relationship of Transmittance and Concentration". 

The Transmittance (T) of a colored solution, when 
examined with monochromatic light having the same wavelength as the 
characteristic absorption band of the considered constituent, 
generally bears a simple mathematical relationship to the concen- 
tration, ’’C", and Transmittance, "T", may be expressed by a simple 
formula, provided certain requirements are fully met. These 
requirements are: 
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1. The "T" measurement must be made with 
monochromatic light. 

2. The "T” measurement must be made at a 
wavelength where the characteristic 
absorption of the constituent is at a 
maximum, or where the change in absorption 
with changes in wavelength is small. 

3. The Reference must be so selected that the 
concentration "C" equals zero when "T" = 100?^ 

4. The nature of the sample solution must be 
such that Transmittance "T" responds only 

to changes in *’0" of the desired constituent, 

B, Lambert- Beer Law, C-T Calibration Curve: 

The expression which relates concentration "C” to 
Transmittance "T”, under these conditions, is known as the-Lambert- 
Beer Law and may be v/ritten as follows: 

C = - K log T (3.2) 

This equation significantly states that any concentration, C, of 
a given solution is proportional to the log of its corresponding 
transmittance, T. This means that the Concentration- Transmittance 
(C-T) graph of this relationship will be a straight line if plotted 
on semi-log coordinates, and such a C-T graph obviously constitutes 
a calibration by which the concentration corresponding to any 
particular T value may be detenriined. 

The equation further states that this specified straight 
line will always intersect the point (C=0> T = 100%)^ Accordingly- 
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it is possible to prepare the C-T calibration graph of an analytical 
method without calculations: 

Ihe I of one solution of known concentration G is simply 
determined. This known point is plotted on semi-log coordina.tes and 
then a straight line is drawn intersecting this point and the point 
.(C = 0, T = 100%). This line is the C-T calibration graph of the 
method. 

Uie aqueous solution of methylene blue dye that was accu- 
rately prepared to determine the "Known point" had a concentration 
0 = 0.01 gm/litre. Its transmittance was found by means of the 
colorimeter t-o be T = 14 . 5 %. 

In order to achieve high accuracy in analyzing the probe 
samples, no calibration graph was drawn. Instead, a computer 
program was written for the equation (3.2) along with the two known 
points (C = 0.01, T = I 4 . 5 ) and (C = 0, T = lOO). All the trans- 
mittance data for the probe samples were fed along with this 
program. The program is shown in Appendix- 1. 

Analysis of Probe Samples : 

Samples of liquid containing the tracer were drawn from the 
solids bed by the radial displacement of the sampling probe. To 
start with, the first sample was collected at r=0.0, i.e., at 
the axis of the coTumn. The second ^^ample was collected at 
r = 0.2117 cm. The third sample \^as collected at the third radial 
position and so on, -During the •oil action of the above mentioned 
samples, a sample was also #.oiTected of the mixed effluent from 
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the column going to the drain. The samples were analyzed by 
means of the colorimeter and their transmittances, T' s, were noted. 
The transmittance T^ of the sample of the mixed effluent was also 
noted. The C’s corresponding to the T's and corresponding to 
the T^^ were found by computation with the help of the program in 
Appendix- I. 

*** 



DEVEDOHyiENg 0? THE MiSS TRAI^SPER jMODEL 

r- 

The Mass Transfer Model for the system under study will 
follow the model developed for homogeneous isttropic systems 
involving turbulent diffusion by Hanratty, Latinen and 
Wilhelm [ij , 

Systems involving molecular diffusion may be described 
by the Tick's Law differential equation using appropriate boundary 
conditions : 

^ = y.(D \7G) (4.1) 

The use of this equation implicit^ yinvolves the assumption 
that the diffusion characteristics of particles crntained in a diff- 
fejrential volume are independent ♦f their previous history, i.e. , 
the length of time they have been in the field. In turbulent 
diffusion, however, no such independence is encountered, i.e., 

D is a function of time. Tick's law, therefore, may not be used 
to describe the diffusion of particles •which have been in the 
field for different lengths of time. 

It has been shown that equation ( 4 .I) with a diffusion 
coefficient which varies with time can be used t*' describe the 
behavior of a single instantaneous source or sink of mass 
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4>(t) 


<4. 2) 


For a cylindrical polar-coordimte system -with radial 
symmetry equation (4i2) assumes the follcwing forms for the 
case in which the diffusion in' the Z direction is impo-rtant and 
also for 'the case in which it is negligible: 






+ 1 


0 r 



L9. + 

d'z^ 

d c 


(4-3) 

(4.4) 


If N units of material, or N units per unit length for 
the two-dimensional case, emitted into the field at zero time 
from a- position r=0, Z=0, are considered, the solutions of 
eq.uations (4.3) and (4»4) for boundary conditions 


t>0 


C — 0 , as r 

C — fc^O, as 2 

are respectively 


CO ; 


■>” CO ; 


a) longitudinal diffusion important: 
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(2rr) 


3/2| 


7 E 17372''^^^ 

<2 fit I 
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2 <Z^>dt 


li) negligible longitudinal diffusion 
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(27T)j /^'2^dt 


exp 


.J 


2 J 2 ^ dt 
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(4.5) 


(4*6) 
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V-Tien the diffusing time is iong enough so that the 
materia,! reaches the container walls, the boundary conditions 
become for 

Z = + 00 , C = ; 

Z = - 00 , 0 = f j 

r = a , =1 ; . a = column radius 

Ihe solutions of equations (4*3) and (4*4) are then 


c) 


longitudinal diffusion important 




(4.7) 


d) negligible longitudinal diffusion; 



(4.8) 


where is defined by the equation below: 


Jl(j3na) -• 


(4.9) 


Ihe preceding four solitions (equations (4*5) to (4*8) 

are identical with those that would be obtained by solving 

/ 

equation (4,1) if it is assumed that D = constant if one 
substitutes in the final expression 



2fr 


Dt 


t 

r 

r|>dt 

J 

0 


(4.10) 


Hence an eddy diffusivity, E, analogous to D may be defined as 

t 

E = ^ j Cp dt (4.11) 

o 

Unlike molecular diffusion from a fixed p#int source, E will 
vary with time. 

Diffusion Prom a Continuous Source : 

Theory presented upto this point has heen for isotropic, 
homogeneous turhialence, conditions v^ich at best can be only 
approximated, ihe experimental system used in this research 
consists of diffusion from a continuous source of material located 
in the center of a particulate fluidized bed through which fluid 
is flowing in the ^-direction. The fluid velocity is substan- 
tially uniform in the cross section of the container. It has 
been assumed therefore that the field may be considered homo- 
geneous and isotropic in the radial direction. 

The equations developed above may be used if the system 
is represented as a number of instantaneous sources which are 
carried downstream with the fluid. Each one of these sources 
will spread out equally in all directions and thus consists of a 
spherical cloud of the material which increases in radius as 
it is transported downstream. The case in which longitudinal 
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diffusion is neglected is represented by a number of sources 
which spread out only in the radial direction and therefore 
consists of a series of expanding discs. 

At r=0 and at a distance Z* from the injection .point 
is a source which has been in the field a time t=Z*/lJ, The 
concentration profile in a cross-section at a given value of 
Z will result from contribution of sources that have been in 
the field for times ranging from 0 to oa. When longitudinal 
diffusion is neglected,, enly a source which has been in the 
field a time t=Z/U will contribute to the concentration profile 
at a longitudinal distance Z from the injector.. 

Case (i) Longitudinal Diffusion, is not Neglected . . 

Equations (4.5) and (4.?) may be used to describe the 
contribution of a single source if the quantity (Ut-Z) is 
substituted for Z, The sum of the effect of all the sources 
is obtained in the following manner: 


Wall ef f ec t s «Bilnipor tant 
Q dt 


QOr- 

c = ( 
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27T f 2(p6.± 

' j ^ 
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exp 
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ff 
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Wall effects important 

CO ^ f (Ut - Z)^ CO 
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( 4 . 12 ) 
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Q =■ rate- of flow of material from^ tiie injector 

= U. 

Case (ii) Longitudinal Diffusion is Neglected 

Equations (4»6) and (4.8) may be used to describe a 
continuous source by substituting t = Z/TJ 


Wall effects unimportant: 



Wall effects important 



* * * 



EXPERIMEIT T.AL M HA, RESHLIIS AM) DIS CUSS lORS 
Data Collection " 

Elxperiments were conducted over the flow rate range from 
6 to 13 dm (velocity range from 3.725 to 8*072 cm/sec.) encompassing 
fractions void between 0.56 and 0.70 thereby maintaining the dense- 
phase characteristic of the fluidized bed. Most of the studies were 
conducted with a bed weighting 450 gm over the above mentioned 
velocity range. But some of the investigations were also carried 
out with beds weighting 150 gm, 250 gm.and 350 gm. respectively 
at one particular flow rate, that is, 8 IBM. 


Reduction of Data 

The experiments carried out in this investigation were such 
that diffusion in the flow direction could not "e measured. There- 
fore the epiU^tions (4.14) and (4.15) developed for a continuous 
source when longitudinal diffusion is neglected were used in examin^Jig 
the data. 

The equations , (4.14) and (4.15) can be re-written in the 


foil owing f orms : 
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Wall effects important." 


x: 


CO 


A 


exp 


D 



I j (r & ) 

(5.2) 


0 


z/u 


Denoting j ^dt in the a’-^ove two eauations by and respective!; 
0 

the above equations become: 


Wall effects unimportant: 
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4B. 


(5.3) 


Wall effects important ; 


n 




'A 


= exp 




J? u 8^) 


(5.4) 


-Q— ^ j "o 

For the case r = 0,0, the equations are further simplified 
to the follov;ing forms: 


Wall effects unimportant: 
(C/C,), 


^A'o 


a 

TH 


1 


Wall effects important: 


(5.5) 


(0/0, )„ = 


CO 
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_,exp-^ 




E, 


1 


J? ( 


o ■« 


In Chapter IV, Eddy Diffusivity was defined as 

.t 


E = 


1 




dt 


(5.6) 


(4.11) 


which may be re-written as 

Z/U 

u 

Z J 

0 


E = 



dt 


(5.7) 
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In Creeping with the notations used earlier, the above 
leads to the following: 


= Ih 


(5.8) 


E 


2 


2 n 
Z 


(5.9) 


Again, Peclet Number is defined as 

Npe = Dp U/E. ■ (5.10) 

which fxirther leads to the following: 



= Dp Z/B, 

(5.11) 

"'Peg = '’p 

= Bp Z/Bg , 

(5.12) 


Computer Programs were written for the equations (5.3) and 
(5.4) in order to. evaluate and B 2 and consequently E^, E«, N. 


Pe 


1 


and were also computed. The programs are shown in Appendices 

II and III respectively. The input data consisted of "C/C^” values, 
the ”Z" values, the "r" values and the "U” values. 

Tabulation of Results and Drawing of Plots : 

Transmittance values, the computed C and C/C_^ values, the 
r values, the computed B^ , B 2 , E^ , Ep, Np^ and Np^ values are 
tabulated in Tables 5.3 to 5 . 22 . 


Table 5.3 describes the results for the 150 -gm bed at 
C =0.58 and Z = 2.475 cm. 

Tables 5.4 and 5.5 describe the results for the 250 -gm bed 
at ^= 0.58 and Z = 2.475 cm and 6.285 cm. respectively. 
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Tables 5.6, 5.7 and 5*8 describe the results for the 
550 gm bed at £;=0.58 and Z = 2.475 cm., 6.285 cm. and 10.095 cm. 
respectively. 

Tables 5.9, 5.10, 5.11 and 5.12 describe the results for the 
450 gm bed at ^ = 0.58 and Z = 2.475 cm., 6.285 cm, 10.095 cm and 
13.905 cm. respectively. 

Tables 5'. 13 and 5.14 describe the results for the 450 gm bed 
at 1^=0. 57 and Z =2,475 cm, and 6.285 cm', respectively. 

Tables 5.15 to 5.22 describe the results for the 450 gm bed at 
Z = 10.095 cm and 0‘.56 (U = 3.72 cm/sec), 0.56 (U = 4.34 cm/sec.), 
0-. 57, 0.61, 0.637, 0.662, 0.682 and 0,701 resp actively 

Tigirres 5.3 to 5.22 show the radial concentration - profiles 
for the respective tables mentioned above. Individual experimental ■ 
points are used twice, as priginal points and as reflected points on 
the other lobe , of the curve. , ... 

figure . 5 . 23 shows the B Vs. Z plot for the 450 gm. fluidized 
bed at ^ = 0.58.: ..The values were taVen from the Tables 5. .9, 5.10, 

5*11 and 5.12.- The B values were the center- line values., 

figure 5.24 shows the B vs. t plot for the same bed at the 
same void fraction/ the values being taken f ran the same Tables viz^ 
5.9 to 5.12. 

figure 5.25 shows 'the B vs* : plot at Z = 10*095 cm. 

at different fractions void* The values -were taken from Tabl ^ 5*15, 
5.16, 5.17, 5.11, 5.18, 5.19, '5. 20, 5*21 ^and 5.22. The fractions 
void varied. from, 0.56 to 04701* Each point in the, plot corresponds 
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to a particular velocity of. flow, that is, a particular void 
fraction. 

I’igure 5.26 shows the modified Peclet Number vs. modified 
Reynolds Number plot. Table 5.23 shows the values plotted in this 
figure. These values were derived from the same tables as mentioned 
in the above para. 

Discussions ° 

Rigure 5.2 which is a log-log plot of pressure drop vs. 
fluid velocity can be divided into three regions - Rixed bed, 
Incipient fluidization and Fluidized bed. The segment AB corresponds 
to the fixed bed and shows that as the velocity rises, the pressure 
drop in the fluid passing through the bed increases. Eventually the 
pressure drop equals the force of gravity on the particles and the 
particles begin to move. This is at point B on the graph. First 
the bed expands slightly with the particles still in contact. The 
porosity increases, and the pressure drop rises more slowly than 
before. When the point C is reached, the bed is in the loosest possib; 
condition with the particles still in contact. As the velocity is 
still further increased, the particles separate and true fluidi- 
zation begins. The pressure drop diminishes a little from point 
C to D. From point D onward the particles move more and more 
vigorously, swirling about and travelling in random directions. 

The segment BCD corresponds to incipient fluidization and is also 
called intermediate region. The region beyond D is the fluidized 
bed region. 
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It is seen from Plgurea 5;3, 5.4, 5,6, 5.9 and 5'. 13 which 
are radial concentration profiles at Z « 2^475 om., that the peaks 
'Of the curves lie somewhere between O/O^ « 10 and 14 and the lowest 
points somewhere between C/C_^ o and 0.55. 

At Z = 6.285 om., as in Pigures 5.5, 5.7, 5.10 and 5.14, 
the peaks of the curves lie somwhere between O/Oj^ » 5 and 7 and 
the lowest points somewhere between 0/0_^ « 0.47 and 0.97. 

At Z » 10.^95 cm,, as in Pigures 5.8 and 5.11 the peaks 
of the curves li^ somewhere between 0/0_^ » and 4 and Idie lowest 
'points somewhers trstwsen * 1^0 and tr6> 

At Z » 13 #905 as in Plgure 5<12( the peak of the 
curve lies at O/C^ » 2.797 and the lowest point at 0/0_^ » 1,494. 

Thus from the above discussion of Pigures 5.3 to 5.14 it 
can be concluded that, provided the fluid velocity remains more or 
less constant, the center-line tracer compositions decrease and 
the near- to- the- wall tracer compositions increase downstream* 

Pigures 5.11 and 5.15 to 5.22 show not only the effect of 
increasing velocity on the tracer distribution at a fixed value 
of Z = 10.095 cm. but also the transition from fixed bed to 
fluidized bed, Pigure 5.15 corresponds to a fluid flow rate which 
lies very well, in the fixed bed region of the curve in Pigure 5.2. 
Thus the curve in Pigure 5.15 is a fixed bed concentration profile. 
Pigure 5.16 corresponds to a flow rate which is represented by point 
B in Pigure 5.2. Thus the curve in Pigure 5.16 is the concentration 
profile for a bed which is just at 1he start of incipient fluidi— 
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zation. Figure 5.17 corresponds to. a flow rate which is represented 
hy point C in Figure 5.2 which again lies in the" intermediate 
region" Likewise, Figure 5.11 corresponds to the flow rate represented 
by point D in Figure 5.2 which indicates the end of intermediate 
zone and the transition from fixed to fluidized bed is complete. 

From Figures 5*15, 5.16 and 5.17 it is observed that the 
center-line compositions as well as the near-to-the-wall compositions 
increase with increasing velocity. But the pattern changes in 
Figure 5.11 and Figures5.18 to 5.22 which represent the fully 
fluidized state. IThe center-line composition starts decreasing as 
soon as the flow rate changes from 7.5 LPM to 8 LPM, From then 
onward the center-line compositions keep on decreasing while the 
near-to-the-wall compositions keep on increasing with increasing 
fluid velocity. Ihe curves get flattened gradually with increasing 
velocity. 

In Tables 5,3- to 5.22 it is seen that the computed values 
of B^ and B 2 from Equations (5.5) and (5-6) for center-line compo- 
sitions are identical. As p consequence, in these, cases ^^—^2 
N = !?_ . For other radial positions, B^ and B 2 differ and in some 

X 0^ X 0 2 

cases they are almost identical. Dashes occurring in ’the tables 
indicate that no computation was possible. 

Figure 5.23 Shows the nearly linear variation of B with Z 
at a constant fluid velocity. Figure 5-24 shows a similar linear 
variation of B with time of diffusion at a constant fluid 
velocity. 

Figure 5.25 shows the variation of B with the center-line 
§§a|j§siti8ii- at Z = 10;095 cm. at different fluid velocities. 
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dotted— line curve indicates the variation of B with center-line 
composition starting from the fixed bed region* The first point 
corresponds to the flow rate of 6 IBM,, The second and third 
correspond to 7 and 7.5 LPM respectively. Prom 7.5 IBM with 
increasing flow rate the curve takes a turn and follows the path 
shown by the heavy-line. The respective points on this heavy-line 
curve are those corresponding to flow rates of 8, 9, 10, 11, 12 and 
15 IBM, Thus in transition from fixed bad to fluidized bed, B 
first decreases while center-line composition increases as shown 
by the dotted-line curve, B then increases while center-line 
composition decreases as shown by the heavy-line curve. The heavy- 
line curve stands for the fluidised state. 

Bigure 5.26 shows the variation of modified Beclet group 
as fluid velocity (Reynolds number) is ' increased. The curve starts 
from a fixed bed, region (P = 6 IBM). The Beclet number increases 
sharply as the flow rate increases and attains a peak at 8 IBM. 

With further increase in flow rate the Beclet number has a step 
fall. Prom 9 IBM to 12 IBM the fall in Beclet nimber is less 
steep. Prom 12 IBM to 13 IBM there is again a steep fall. 

Prom a survey of the' results in the tables 5.3 to 5.22 it is 
also found that at substantial distances from the source the con- 
centration gradients in the flow direction are smaller than in the 
radial direction. In such cases diffusion is described by a 
Gaussian type of curve (Equation 5»3). However, close to the 
source the radial concentration profiles diverge from a Guassian 
distribution at large values of r, probably because of longitudinal 


diffusion'; 
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An important experimental finding also deserves emphasis. 

It is that in most of the tables a good number of the radial valua^' 
of B (or E) agree with each other. This leads to the conclusion 
that E is not dependent on 'r'. If some of radial values are in- 
consistent, it is not so much the effect of radial position. There 
may be other factors responsible for it like the orientation of 
particles and the wall-generated eddies-. The particles used in 
the investigation were not spherical but more or less cylindrical. 
In a fluidized bed where the particles are in random motion, the 
non-spherical particles will have different orientations because 
of their geometry. 

Another important conclusion is worth mentioning. It is 
the nature of mixing in the fluidized bed of the non-spherical 
particles used in this investigation. Figure 5.26 shows that the 
bed in passing through a fixed bed state to the fluidized bed state 
first exhibits a slow decrease in mixing in the fixed bed region. 
The mixing falls more rapidly in the 'intermediate region' till 
it attains a minimum at a void fraction of 0,58 (flow rate of 8 LPK 
P3?oni iih.611 onward, in iliB flui(3i(^6(3 siaiSy ih© mixing incr8as6s very 
nstpidly npljo b, void inaction of 0»61« His inenoBSO in mixing is 
less rapid in the void fractions range of 0.61 to 0,68. Beyond 
a fraction void of 0.68 the increase is again rapid till it 
reaches the void fraction of 0,70. 
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TABLE 5.1 

ROTAMETER C ALI BRATI O N BATA 
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CM 

CM 

0 

O 

O 

o 

O 

LA 

O 

LA 

o 

LA 

o 

LA 

O 

LA 

O 

9 

lA 

O 

• 

lA 

O 

LA 

o 

CM 

t 

to 

« 

A 

* 

VO 

• 

VD 

* 

9 

00 

00 

c?s 

cn O 

a 


T*^ 

CM 

CM 

to 

to 

4 












- 

•r- 

x— 

r- 

X— 


xr- 

XT- 




162 



ION DAT la CCK, irTED VALUES 


o 


nrJ lA g 

0 ) c- R; 
PQ ^ p 

a cj CO 
d> 


LA tS3 p:^ 



TABLE 3.4 

DIEEUSION DATA AND COMPUTED VALUES 


o 

CD 

m 


(y\ 

• ' 




ra Ln 

CD t- 


a 

cb 


o 

LPy 

CM 


K 5b 

ir\N^ 
<M CX) ^ CTn 
II 1) II V- 

o 


uS C<5 Ph O 

> o 

II 

o 


O 

00 

MO 


CM 

(D 


0 


O 
0 
m 

CM CM 


(3q 


o 

0 

0 

CM 

^ S 


CM 




OM 


CM 






T— 

CD 

OM 

CM 

CD 

t>- 

KM 

00 

LfM 

T- 

<- 

cr^ 


• 

• 

• 

• 

CD 

LfM 

KM 

o 


T~ 

o\ ' 

CM 

tr-“ 

CM 

00 


■ 

ac 

• 

• 

• 

CD 

LfM 

KM 


00 

KM 

(>• 

IK\ 


tn 

CD 

00 


o 


ir\ 

CO 

00 


o 

o 


CM 

T™ 

CM 

O 


CM 

O 


cr\ 
m 
O • 
00 


00 


CM 


KM 


00 

m 

!> 

CM 

!>- 

K^ 


UM • 

o 

• 

• 

• ' 

• 

O 

o • 

o 

KM 


O 

<0M 

00 

CM 

« 

o 


KM 

CM 


00 

CM 


LTM 

KM 

CD 


CO 

CD 

CM 



00 


CD 

CM 

CM- 

v-=. 

r~ 

• 

« 


O 

c 

o 


CJM 

CM 




^ ' 

OM 

CM 



CM 

c- 

CO 


T~ 


LA 

00 ; 

OM • 

o 

• 

• ' 

• 

« 

• * 

o • 

o 

CM • 

o. 






T~ 

ir- 

LA 





00 

CM 



T— ■ 

(X) 

CM 



CM 

CM 

LA 

1 

1 

» 

• ' 

• 



O ■ 

o 

T- 




' 

LiM 


CD 

•00 

o 


cr> 

C5M ' 

• ' 

CD 


00 

LfM 

O 


0"v 

OM 

• 

!>- 


00 

OM 

00 


o- 

CM 


• 1 





v~ 


CM 

i 


CM 

KM 

LA 

^ * 

CA 

CD 


C5M ■ 
00 • 

COM' 

o 

CM 

o . 

CM 

-KM 

CD • 
KM 

CM 

OJ 

m 

o 

• 

o • 

f • 

COM 

• ' 

CD 

T~ 

o- 

o 

O 

o 

T~ 












CM 

-r- 

00 





ir\ 


A- 

r~ 

• 

43 

•H i 

. rM , 

s 

0.02175 

0.01816 

0.01203 

0.002641 

CM 

o 

o 

o 

• 

o 

CA . 

LA 

O 

O 

O 

i 

o 

KM 

O 

o 

o 

* 

o 


j 

LA 

o 

00 

O' 

o 

oo 

o 

■ 

• 

• 

KM 

COM 

• 

o 

CD 

» 

o 

CD 

CM 

00 

CM 

COM 


<M 


m 

#. 

try 


g 

s 

o 


§1 




, 

(D 

Lf\ 

s 

C--i 

PQ 

00 

PM 



CM 

Pi 

P 


» 




VO 

00 

§ 

a 

11 

l( 

M 

ITv 



CO ■■ 

CM 

IS3 

p 


M 

Pi 


00 

m 

o 

11 

Vd/ 


o 

CD 

03 


! ^ 


CvJ 

CD 

P 


a 


CD 

P 


cr> 

o^ 

« 

II 

P 


-P 

•H 


f=| 


t- 

Cr\ 

Ov 

O 

O 




o 

00 

VJO 


o 

CD 

02 


1 OvJ 

I j 


5 


!H1 


\ i 

-CM 


CM 


P 


iM 


S I 


p 


I ^ 


•cq 

u ■ 


o 


i o 




VO 



T~ 



CM 

00 

'T- 

VO 


CM 

<J^ 

00 

CO 

CM 

T~ 

LA 

I 


Crv 

1 OTn 


«i 

• 

• 


« 



o 

C-- 


tP- 



CM 

m 


CM 


VO 

CM 

00 



CM 

00 

fv 

T~ 

lA 

(M 

CA 


lA 

• 

o 


• 

LA 

m 

1 ^ 

• 

CA 

• 

f 

CA 

• 

■'t — 



I>“ 


CM 


LA 









T- 

l^- 

^C^ 

a\ 

VD 

VO 


LA 

KA 

VO 

O 


T— 

1>- 


LA 

T— 

T~ 

VD 

o 

I CM 

IA“ 

1 

CO 

CM 

KV 

LA 

^A 

LA 

T— 


tA 

« 

• 

• 

• 

* 

• 



O 

o 

o 

# 

O 

o 


a 

V" 

IA\ 



CA 

VO 


LA 

^c^ 


o 

LA 

o 



{>- 

T— 

T” 

VD 

O- 

CM 

!>• 


00 

CM 

tOv 

ITS 

^A 

1 ^ 

X- 

I. 

lA 

* 

• 

• 

m 

» 



• 

O 

O 

o 

o 

o 

o 


o 


tcv 






LA 


T~ 


VO 

'r- 

lA , 


CO 

IT-* 

o 

’’C — 

00 

VO 

CM 


00 

CM 


o- 

tA ! 

1 VO 

CM 

1 

xt- 

• 

O 


• 

o 

♦ 

o 

d 

• 

O 


# 

o 




CM 


A- 



LA 


r- 

M 

c- 

O 


00 


VD 

CM 


CA 


CM 


!>- 

fA 

1 

VO 

CM 

1 


o , 


• 

• 

• 


• 

• 


• 

1 

O 

o 

o 

o 


o 

o 


# 

! 


lA- 








j 


T~ 

^A 

LA 

VO 

00 


X- 

CM 


i 

't — 

CM 

tA 


LA 

tA- 

00 

CA 

^ 1 

o 

CM 

-M- 

VO 

00 

O 

CM 


VO 

o j 

• 

« 

k 

• 

• 

« 

♦ 

« 

• 


o 

O 

o 

o 

o 

T~ 

T— 

x~ 


i 









T— 


T~ 

u\ 

u \ 

A-- 

CA 

^A 

CA 

CM 

CM 

1 

CM 

T“ 

CO 


T~ 

X* . 

O 

x^ 

lO 

j 

■ LA 

CA 

VO 

O 

a^ 

O 

LTV 


CA 

ij 

• 

♦ 

• 

• 

♦ 

« 

« 

• 

« 

p 

i 

t>- 


CM 



CM 

X" 


o 

il 



K\ 



^• 

K\ 

T- 

lm 

^ i 

1 CM 

CM 

Vjj 

CD 

A* 

CM 

O 

A1 

CM 



3 

tA 

o 

00 

O 

O 

xO 

n\ 

H ! 

Ux 

CA 

lA 

CO 

A 

"M- 

CA 

c.. 

X“ 

i 


o 

O 

o 

o 

o 

O 

o 

C 


o 

o 

o 

o 

o 

o 

o 

<r> 

o 

'MO 1 

• 

• 

• 

» 

« 

* 

• 

k 

• 

^ 1 

o 

XD 

o 

o 

Q 

o 

o 

o 

o 

! 

* lA 

o 

lA 

o 

O 

o 

o 

a 

o 





« 

• 

« 

• 

• 

• 

B 

LA 

LA 

LA 

T~ 

lA 

VO 

VD 

00 

CA 

1 

1 


T— 

tA 

CM 

T~ 


LA 

lA 

VO 





DiFFUs itN ■ 5?..; Am) gomputed values 

350 G-M Bed 
Z = 2.475 CM 


rr\ 


h=\ 

00 

(1 



j 

!j 





00 




1 

! CM 

LA 

00 

VD 


VO 



00 

LA 

1 <\i 

CA 

O 

r— 




00 

A 

1 o; 

o- 

I • 

» 

• 

VD 

« 

! 

MO 

te 

£> 

• 

A 

» 

O 

1 ^ 


CD 

tA 



o 

o 

VO 

1 









It 


1 CM 








M) 

1 


CA 

tA 





A 



1 CTa 

CO 

■t — 




VO 

CM 




O 

c- 

MO 

I 

1 

!> 

A 

V' S 


» 

* 

• 

• 

• 

4 

# 

IS} i 

o. 

VD 

^A 




o 

VO 

o ; 










CD : 










w i 










! 


i 

00 

tA 





T“ 


CD ' 

1 \D 

A- 

O 

MO 





KO ; 

CO ; 

1 CTn 

O 

CM 

CA 



V 

VD 

CT) I 

‘ 

CM 

tA 

VD 


I 


CM 

A 

• 1 

CvJOJ ^ 

' • 

« 

• 

* 

• 

• 

• 

^ 1 

« g 

1 ° 

O 

O 

• 


A 

o 

O 

" 

1 








t. ' 

j 

i ^ 

i 

i 

1 








I 

! O 1 

i o 

00 

tA 





I>~ 

• j 

CD 1 

KD 

CO 

IT- 







CO 1 

CT\ 

!>■ 

CM 

(A 




VO 

• ] 


CM 

^A 

MO 


I 

1 

CM 

A 


■r-OJ 1 

• 

• 

• 

« 

» 

• 

•H 

s \ 

' o 

o 

o 

W 



o 

b 

• J 

a 

1 

' t>- 

LA 

LA 

c- 



00 

A- 

So 1 

j 


CO 

CA 

{>• 


VD 

VD 

T“ 




CO 

O 

rh 


MO 

# 

CO 

i> ! 

CN 1 

‘T- 


tA 

CM 

1 

CO 

T'* 

T- 

0^ ; 
ON 

CM a 
m a 

« 

; o 

» 

o 

* 

O 

» 

O 

• 

» 

o 

• 

o 

T“ ' 

s.^ ’ 









o ; 

\ 









o 1 


1 D- 

o 





o 

o 

* 3 


' !>- 

CA 


00 



l>- 

CM 




00 

r- 




o 

00 


^ — «. 

T” 

T— 

tA 

CM 

I 

1 

■r- 

T" 

. 

1 


* 

• 

• 

• 



• 

• 


S 

o 

o 

O 

o 



o 

o 


o 









o 



l> 










T~ 

tA 

LA 

VD 

00 


r- 

#*\ 



T~ 

CM 

tA 


A 

A- 

00 



o 

CM 


MO 

00 

o 

CM 


i 

• 

• 

• 

• 

m 

• 

• 

« 

o 


o 

O 

O 

O 

O 



T— 

00 ; 

j 









KD 

1 










! 



£>• 

A- 

CA 

£>- 

VD 

V# 

11 

j' 



O' 

A 



A 



! 

£> 

T- 

VD 


A 

T“ 


A 

!<i 

o 

i 

« 

« 

4 

♦ • 

* 

• ■ 

4 

Bi 

1 

CA 

o 

LA 

A 

VD 

T~ 

o 

o 

! 

1 

T-* 








1 

^ 1 







c 


i 

* » 






T'* 

c 

T— 

i 

+ } 


VO 

"M- 

CA. 

vJO 

lA 

cv 

CA 


‘ -H j 

, “t 

o.» 

tA 

-X) 

o 

CM 

0 

O 

t 

n 

1 ^ ? 


o 

T— 

o 

iA 

CM 

c 


j 


CM 

CM 


T- 

ir- 

O 

o 

O 

j 

• 1 

O 

o 

o 

o 

O 

o 

o 

o 


o a 

• 

• 

« 

» 

• 

• 

• 

4 

1 


o 

c 

o 

o 

o 

o 

o 

o 

1 


• LA 

o 

CM 

CM 

o 


A 


i 


• • 

• 

• 

• ♦ 

« 

\t\ 

• 


! 


O 

CM 

T“ 

CM 

00 

VD 


■r” 


1 



T~ 

T- 



00 

00 



TABLE -5. 

LippusiOK r l; t;, -.in) computed values 





OD LTn g 

o 00 

P^. Cvj Hi 
g VO 00 

o, 

U ii 

o 

LTV ts} p^' 



1 ? 

VO 

VO 


00 

o 





CM i 

(A 

lA 

o 


A 

T— 


00 



' A 

CA 

T— 

VO 

A 

o 

I 




« 

« 

• 

• 

• 

« 

f 


' 

00 

00 

(A 

00 

A 



— 


! 

1 








T- 


' 

i VO 

VQ 

VO 

V# 

A 

VO 




T— 

(A 

CM ■ 


A 

VO 

CM 


VO 

CO 1 

0) 

A 

CA 

o 

A 

A 

# 

1 


LA 


• 

« 

It 

• 

* 

• 

« 

• 4 


00 

00 

cr\ 

CO 

A 



T” 

o 










?1 1 

} 









VL 1 

"o i 








00 


<D 

tA 

t>- 

A 

VQ 

VO 

A 



CO 

00 

VD 

A 

I>- 

CO 



o 

' "N , 


VO 

[>- 

A 

VD 

CO 



o 


CM ] 

CM 

CM 

CM 

CM 

VO 

A 

! 

CM 

o 

s 

« 

o 

• 

O 

• 

O 

• 

O 

• 

o 

o 

» 

o 

o 










* 7 









J 

o ! 

tA 


•r-’ 

A 

00 

A 


CM 

CD ! 

CO 

!>“ 


CO 

A 

CM 


T— 

Sw-' 

CO 1 

VO 

c- 

A 

VO 

00 

D- 


o 

VO 

CM 

CM 

CM 

CM 

VO 

A 

1 

CM 

<Tv 

CM 

« 

* 

• 

• 

* 

* 


« 

• 

s 

o 

O 


o 

o 

O 


O 











II 

^ I 


VO 



A 

o 


A 





(A 

CM 

00 



t=> 



A 

CM 

A 

O- 

CM 


A 


CM 

tA 

A 

A 

A 

00 

IT-' 

! 

CM 


CM ^ * 

«r 

» 

• 

• 

* 

« 


• 

• •V 


; o 

O 

o 


o 

o 


o 

» 

(X) cS 1 

1 








-p 










'H : 



TUn- 




o 


o 

r-i 


f 


CM 



VO 


•TV 


! 


A 

CM 


)S 

CM 


A 

s 1 

CM 1 

tA 

A 

A 

A 

00 


I 

CM 

^ j 


1 » 

j o 

* 

O 

• 

# 

• 

o 

* 

o 

)» 

o 


• 

o 


1 1 









CTn 


j 








cn 













r- 




00 



o 



T— 

A 

A 

VO 


T“ 

Q 



?f(— 

CM 

A 


A 

C- 

00 


! 

Q 

CM 


VO 

00 


CM 


O 


• 

W 

jt 

o 

Q 

* 

m 

# 

o 

4» 

TT" 

p 

?r- 

• 

x — 

11 










<q! 

O j 









00 




00 

00 

vp 

A 

A 



1 

' ^ 

O 

o 

CT\ 

-M- 

o 

O 

A 

CM 


o 

CT^ 

VO 



crs 

(J\ 

CTn ■ 

d> 


->>S^ 

■• 

.« 

• 


• 

i* 

.• 

w 

O ' 

o 

A 

A 

A 




CM 

o 

** 

00 ; 










VO 1 










» ' 










cq 

.• 









EH 

-p 





-n — 

T— 

T— 

o 

.' "Hi 

CM 


CO 

00 

Q 

o 

o 

'Sd- 


H 


CM 

CTn 

00 


00 

C7> 

00 


O * 

•T- 

T— 

m 

CO 

A 

A 

A 

T-- 


.-r- 


T~ 

Q 

o 

o 

O 

o 



o 

o 

0^ 


o 

o 

O 

o 




.« 

« 



.« 

• 

« 


o 

o 

• 

o 

o 

Q 

o 

o 


i 

o. 

A 

• o 

o 

c 

o 

o 

o 


1 

! 

5 

• 

« 

• 

f 

• 

« 


.• 


o 

'T- • 

CM 

00 

00 

00 

CM 

o 




T~ 

't— 



A 






LA 


^3 

ft 

g 

g 

g 

o 

o 


<1^ 

EH 

g 

O 

M 

CO 

D 

S: 


CO 

A 

« 

O 

w 

ykf 


o 

(D 

m 


a 

o 


\o 

cn 

m 

II 

P 


•P 

•H 

rH 


C\J 

0) 

P-i 


o 

p 


o 

cu 

CO 


CNJC\J 




o 

CD 

CO 


i--^ OJ 


(M 


(N 


ra 

A 

cr\. 



<D 

a 

P 

tiD 

P 

• 

P 

'W' 

g 

o 

CO 

£>“ 

CTV 

P 

11 

w 

cn 

T~ 

o 

A 

CS3 

p 

o 

o 

CA 



• 

O 


<4 

O 


o 

00 

VO 


p 


C\j 

P o 






o 


A 

A 

VD 

00 


IC\ 

A 

. 00 

T— 

o> 

t- 

i£\ 

A 

CM 

‘ C7V 


CFV ■ 

CM 

m 


• 

» 

♦ 

1 

CTS 

cn 

00 

00 


tr- 

tA 


C- 

CJv 


CT^ 

{f\ 

■ 

o 

00 

!>• 

00 

CA 

CM 



■ CT\ ' 

I CM 

• 

• 

» 


• 

« 

CT\ 

cn 

00 

00 




VD 

A 



VO 

VD 

00 

00 

T~ 

CM 



A 

C^ 

A 

CM 

CM 

CM 

CM 


« 

• 

» 

• 

• 

o 

o 

o 

o 

o 

VD 

VD 

<ys 

C' • 

VD 

VD 

CO 

00 

T- 

CM 

P- 

vj- 

A 


A 

CM 

CM 

CM ■ 

CM . 

v- .' 


* 

* 


• 

O 

o 

O 

o 

o 

CT\ 


A 


CM 


A 

VO 

CM 

O 

O 

CM 

A 

A 

A 

A 

A 

A 

A 

• 

• 

• 

» 

• 

o 

o 

O 

O 

O 

CT^ 

T“ 

VD 


A 

CM 

o 

o 

CM 

A 

<T\ 

A 

A 

A 

A 

A 

• 

» 

• 

• 

• 

O 

o 

o 

o 

O 


[> 

o 


&H 1 


P 

•H 

P 


O 


(A 

CA 

O 

VO 

"T- 

O 


c-- 

VO 


VO 



T-“ 

A 

A 

VD 

00 


"T* 

CM 

A 


A 

o 

CM 


VD 

P 

O- 

« 

» 

« 

• 

» 

0 

o 

o 

o 

O 

O 



OsJ 


VD 

A 

CM 

CM 

CM 

VD 

CM 


VD 

00 

CM 

00 

A 

A 

O 

CM 

!>- 

VD 

• 

* 

* 

» 

• 

« 

A 

A 

A 

A 

CM 



(M 

00 

Q 

00 

o 

o 






O 

cJ 

U^ 


CM 

o 

CM 

% 

» 

« 

• 

•> 

• 

• 


CM 

A 

o 

ou 

u\ 

CM 

CM 

CM 

CM 

A 

CM 

A 

A 


00 


ir\ 

ir\ 

A 


T— 

!>- 

A 

A 

C-" 

o 

A 


O 

T-* 

A 

A 

VD 

O 

(30 

o 

r~ 

A 


A 

'T^ 


o 

VD 

VD 

A 

A 

A 

O 

o 

O 

O 

o 

O 

R 

O' 

o 

o 

O 

o 

O 

o 

0 

m 

• 

• 

• 

• 

« 

a 

o 

o 

o 

o 

o 

o 


cn 

ir\ 



TABLE 5.9 

BIEFUSION DATA AND COMPUTED VALUES 


KD 

xi- 


{ 

f 


I 

1 

t 




CM 


VO 


<J^ 

CM 

C7^ 

CTs f 


CM * 

a^ 


o 


00 

c- 




CD 1 

- 1 

o- 

\D 


c^^ 

MD 

VO 

CM 

VD 


ir^ 

tr- 



CM 

!>- 

xt* 

00 



CM 

CM 

VO 

CX) 

KV 

■CM 

IXX 

tc\ 




CM 

!>■ 

CM 

00 

CM 

T— 

tr\ 




VT) 

1>- 

CT^ 

VO 

VD 

CM 

VD ; 

] 

^ 1 

• 

» 


%■ 

» 

♦ 

* 


\ 

i 

f 

1 

i 

, ^ ■ 

[>- 

r- 

t^- 

tc\ 

CM 

I>- 


00 

1 

00 i 



KO 

vo 

00 

i>- 

VD 

!>■ 


LTv ; 


i VX) 

T— 

VO 

LTN 

t>- 

O 

VO 

IC\ ^ 

* ! 

; 1^ \ 1 

1 CT^ 

o 

CJ^ 

CO 

m 

o 


VD 

O 

' C\J 

I ; 

CM 


CM 

LTV 

00 

to 

ir\ 

CM 

li i 

d 

d 

d 

d 

d 

d 

d 

d 


n ; 

\y i 

i 





^ \ 



VD 

VD 

CM 

!>■ 

VD 

T— 

A 




m 

^ 1 

VD 

CM 

VD 

O- 

CA 

CM 

I>- 

VD 





t~CM • 

a\ 

o 

A 

00 

A 

O 

xJ- 

VD 




CD 

s 1 

CM 

CA 

CM 

A 

00 

A 

A 

CM 




CQ j 

o 

• 


» 

« 

« 

• 

« 

• 





; 

o 

O 

O 

o 

o 

o 

O 

o 




o j 















O' 

LA 


A 



00 

VD 




! 

CMCM 

o- 

O 

00 

CM 

00 


CM 

CM 




^ i 

PP s 

xj- 

LA 


A 

CM 

A 

lA 

A 




CA ; 



T— 


CM 

xh 

X“ 

CM 

T— 




x^- * 

i 

i 

' o 

d 

c 

d 

d 

/A 

o 

O 


g 




f 











D ! 

1 ! 

o- 








no 

LA 

s 

1 

‘ ‘ 

[ i;^ 

T- 

00 

A 

CA 

T~ 

A 

A 

CD 

!>• 

pH 

i 

' 'c-tM - 

’ xh 

lA 

xh 

CA 

CM 

A-. 

! l, .>* 

A 

PQ 


hP 


1 pq s ) 

1 ^ 

T~ 

T~ 

CM 

xh 


CM 

-r- 


• 


• 


! • 

• 


• 

» 

' ,'»■ • 

% 

« 

S 

CM 

CO 


1 O 1 

o 

o 

o 

O 

O 


# 

o 

ciJ 



4^ 











(1 

11 

•H 










o 



H 

1 1 









LTN 

CM 

fx^ 


1 s 









xd- 



B 1 

i ✓ — s \ 


o- 










CD 1 

B 1 


T“ 

A 

A 

VO 

00 


T— 




V ^ ] 

M o 

» 

T~ 

CM 

A 

xh 

A 

!>- 

00 






: O 

CM 

xh 

VD 

00 

O 

CM 





C- 1 



« 

• 

• 

• 

» 

* 

« 




CA ’ 


f 

O 

O 

O 

o 

'C— 

T~ 





^ * 

1 i 

1 












[ : 












d i 


s 











o ; 

; <1 

1 xh 







A 




• 

; ^ ! 


CM 

x)- • 

cr\ 

CM 

o 

VO 

xh 




o , 

1 

I 

A 


T— 

CM 

A 

A 

xf* 





* ! 

• 

• 

# ' 

A 

— 

O 

VD 

CM 




» : 


; tc\ 

CM 

O 

• 

• 

» 

• 

« 






! T— 



xh 

A 

CM 

T~ 

O 




cl] ’ 

; ! 

f 











o : 

j 

i 

1 

i 











^ ■ 

1 

\ 

1 











Or 


1 







xt* 





1 “P ^ 

1 



xh 

A 

A 

VD 

00 




VO 

• •H 

1 


VO 

CM 

A 

CA 

00 • 

00 





1 ^ ' 



CM 

00 

CM 

T— 

A 

xh 




11 



A 

O 

(Ts 

VD 


A 

o 





o . 

! CM 

CM 

CM 

O 

O 

o 

O 

o 





a ! 

o 

O 

O 

o 

O 

o 

o 

o 




£H 

t^D 

• 

* 

• 

« 


* 

* 

» 





1 ^ : 

\ 

J 

1 

O 

o 

o 

o 

o 

o 

o 





? ' 

i 

1 


00 

o 

o 

o 

A 

o 

o 





1 

• 

♦ 

« 

• 

* 

« 

• 

• 






O 

o 


A 

o 


CM 

T“. 





! 

I 



T— 

A 


A 

CA 



DIFFUSION DATA AND COMPUTED VALUES 







J 

1 

^ . J 

o 

CM 


c\ 


VO 








CM 

CM 


•T" 


CM 



GO 

Cr\ 




00 ' 


v* 


A 

A 

CO 

VD 

1 

A 

A 




lA j 


» 

• 

• 

♦ 

» 

• 


• • 

• 





1 

00 


A 

A 

KD 




Y- 




o 1 









T- 

T~ 




II 

\AJ 

i ^ 1 

i j 

o 

CM 

^r-l- 

A 

CM 

VO 

A 






\4/ 

! CD 1 

CM 


6 

A 

Y- 


T— 







! ^ 

T- 


A 

A 

00 

VO 

00 

I 

1 




• tK 

; 

« 

• 

• 

* 

t 

• 

• 






^ i 

i i 

00 


A 

A 

MD 


T- 






O i 

I j 



























m : 















CD 

1 O 

CM 

O 

CO 

CM 



-vl’- 

A 







C7\ 


A 

00 

VD 


C5 

CM 




o 1 


00 


A 

•c.h 

A 



VD 

o 




j 

CMCM 

1—4 # 

, ^ 

A 


VD 

A 


i 

Y- 

CM 




j 

^ i 

• 

• 

t 

• 

• 

« 


* 

• 




)£ 1 

O 1 


o 

O 

O 

o 

o 


o 

o 




Ch 

1 i 

; 

1 












- 

i i 

I 

1 












II 

0 

o 

A 

CO 

o 

VjD 









9 


CTs 


00 

CO 

VO 

r- 






P 

m 

I 00 

T“ 

A 

^-u 

A 

A 

t> 








CM 

A 


MO 

A 


CM 

J 

J 





1 CM 

t 

• 

•- 

• 

# 

• 

• 







' M 

o 

O 

o 

o 

CO 

o 

r— 







o 













, j 

w 

! 












•P 


<A 

<T\ 



A 



A 

VO 




H ! 

/-~N 


E> 


A 

00 

A 


A 

VO 




H ■ 


A 

A 

A 

CM 

CM 

CM 


o 

A 


o 



: « B 

A 

VX> 

A 

00 


VO 

1 

CM 

CM 




t ( 

O 

• 

• 

• 

« 

• 

• 


t 

• 


lA 


K 

■w* ! 

O 

O 

O 

o 

O 

o 


o 

O 

0) 

CO 


w 

i 1 










m 

CM 

1-1 

1 

1 











» 



] 

Ch 










\o 

CO 

KN 


■ CT^ 

00 


CM 

c^ 

A 




o 




j 

A 

A 

A 

CM 

CM 

CM 





H 

II 

Y- 


A 

VX) 

A 

CO 


VO 

VO 

\ 

1 

o 



cv 

^ M 

• 

• 

• 

•. 


9 

» ' 



lA 

IS! 

f5t( 

o 

O 

O 

o 

O 

o 

O 

o 

r- 






o 

w 













o 

















1> 











11 

! 



A 

A 

VO 

00 


T~ 

CM 







r- 

CM 

A 


A 

I> 

00 

A 






o 

CM 


MO 

00 

O.' 

CM 


VO 




o 

!' ^ e 

• . 

* 

• 

• 

• ■ 

*• 

•- 

» 

• 





1 o 

1 

o 

o 

O 

O 

o 

T-* 


T- 

T- 





! 













j 








VO 

t> 





lA 


1 <- 


CO 

A 

o 

A 

T~ 

CM 

VO 




• 


1 

A 

<Ts 

00 

CM 

VO 

CO 

t> 

CO 





O 


O 

A 


T- 

O 

A 

VO 







• 

• 

• ' 

• 

• 

« ' 

t 

• 

• 




11 1 

^ i 

II 

' A 

A 

A 

CM 

A 

CM 

o 

O 

o 




«-i f 

j 

11 













1 














j 

1 • . 


O 

rr\ 

!> 

CM 

'T" 


T— 

00 





•P 

CM 

r* 

I> ■ 

T- 


C-- 

t*.:. 

CM 

cv 




! 

H 

• CA 


r- 

o 

A. 

^ 

o 


o 




1 

i 

H 



l> 


'0 


CM 

N— 

T* 






j T- 

Q 

C 

Q 

O 

o 

o 

O 

c 






O 

O 

o 

G 

c 

G 

o 

0 

o 





51 

« 

• 

• 

• 

» 

• 

• 

• 

• 




! 

w 

i 

1 o 

1 

C 

o 

C 

o 

O 

o 

c 

CJ 





1 

' o 

o 

o 

o 

o 

o 

o 

o . 

o 






• 

• ■ 

• < 

• 

, • 

m 

• 

' • 

9 





EH'^ 

G 

CJ^ 

A 


CO 

A 

:0 

VO 

CM 







CM 

CM 


CM 


VO 


00 




f 


00 


LTsj 


CO 

g 

|i 

§ 

&H 

g 

<IJ 

15 

1^ 

O 

H 

CO 

t=> 

Pi 


tn 

o> 

(D 

(X) • 

o 


p 

OD 


II (( 

O 

LA CS3 px| 


00 

A 

« 

rA 



CA 

CM 






CM 

!> 

A 

1> 

A 

I>- 

T- 

T“ 

if 

\l/ 

CD 

VD 

A 

[>• 

^ ■ 

A 

A 

00 


» 

t 

« 

• 

« 

• 1 

I « 

* N 

* 





ts 

O 

A 

A 


O 

0) 

a 

o 


VD 

Cr\ 

• 

II 

P 


4^ 

•H 


CD 


O 

CD 

CQ 


O 


o 

CD 

CQ 


PCM 

S 


CM 

t> Wo 

CT\ 

CTs 


o 

o 


<} 

o 


o 

CO 

vx> 


en^ 


CM 


w 




1 

! o 


o 


I 


I> 

MD 


VD 

O 

O 

A 


MO 

O 

o 

lA 

• 

o 


Ch 

T- 

VX> 

* 

o 

T- 

VD 

o 


o 

•> 

o 


I> 

^1- 

urs 

€ 

o 


A 

O 

!A 


MO 

A 

O 

A 


CM 

O 

O 


CO 

CD 

(A 

CM 


O 

00 


(Ts 


c- o 


00 

t> 

o 

A 


o o 


CM 

VO 


00 

VO 

cr\ 

CM 


Kjr 

o 

VD 


o o 


CM 

CM 

VD 


O 

VO 


00 

o 

A 


VO 

CM 

MO 


t> 

CM 

MO 


O O O 


CM 

O 


tA 

CM 

« 

o 


A 

tA 

VO 


CA 

O 

*r- 

CM 

• 

O 

CO 

o 

CM 

o 


00 

CM 


0^ 

CM 

-ch 

d 


VD 

CX) 

* 

o 


-d- 

tA 

CT\ 


MO 

CM 


VO 

A- 

CM 

O 


'«4' 

O 

A 


a 

A 


00 

A 

o 


CM 


00 

« 

A 


A 

A 


A 

A 


O 


CT\ 

VO 

A 

CM 

• 

o 


l>- 

A 

CM 


00 



A 

o 

CM 

A 

CM 

CM 


o 

rt{ 

1 .p* 

r*- 

CM 

A 

CM 


T— 

[>• 


! ^ 

CM 


O 


A 

A 

o 


! 

• 

• 

• 

* 

• 

« 

• 


A 

A 

A 

CM 

A 

CM 


T— 


A 

O 

A 


A 

D- 

A 

CM 

• 

CM 


A 


A 


CM 

A 

•P 

' VO 

^J. 

CM 

A 

CM 

VO 

00 


•H i 

VO 

VD 

VD 

A 

VO 

xi- 

A 

CM 


o 

O 

O 

O 

o 

O 

O 

O 


o 

o 

O 

o 

o 

o 

o 

o 

a 

I « 

• 

• 

* 

• 

• 

«r 

« 

tuO 

1 o 

o 

o 

o 

o 

o 

o 

o 


00 

o 

O 

U\ 

o 

O' 

CO 

O 

• 

• 

» 

• 

• 

* 

• 

• 

•r- 

A 

o 



*r- 

l> 

sO 

CM 

"M 

A 

K. 

A 


'4* 

MO 



TABLE 5«12 

BIEEIJSION DATA. OOMPUTED VALUES 


CO I 

LH 3 



LTs 

o 


4^ 

•H 

H 

CD 

cr> 

P-i 


PQ 

- » 

P 

B 

S 

to 

T— 

CX) 


ciJ 

II 

ll 

E>- 

CJ\ 

O 

LTN 

£S3 


a^ 

xt- 



o 

o 

* 

o 


i 

CM 

LA 

CM 

A 

CM 


• o 

lA 

CA 

VD 

CM 

00 

A 

' c^^ 

O 

KD 

CM 

VD 

CO 

CM 

•. 

• 


« 

• 

ft 

ft 

00 . 

OD 

CD 

VD 

VD 

00 

A 

j VD 

CM 


--t 

VD 

VD 


I O 

LA 

T— 

T- 

00 

o 

A 

cr\ 

O 

o- 

tA 

VD 

CA 

CM 

^ * 

• 

• 

ft 

ft 

• 

« 

! CO 

I 

CO 

VD 

VD 

VD 

00 

A 

j 

-vh 

VD 

tA 

T~ 

I>“ 

CM 

cn 

\o 


00 

00 

CA 

v- 

lA 

00 


VD 


A 

A 

\ ^ 

CM 

(A 

A 

A 

CM 


y « 

* 

♦ 

« 

• 

« 

•> 

I CD 

o 

O 

O 

O 

o 

O 

I CA 


LA 

N 1 

CA 


A 

VD 

tA. 

li 1 


CA 

O 

LA 

CO 


VjT- 


A 

A 

I c\^ 

CM 

tA 


A 

CM 

T— 

• 

• 

• 

' » 

• 

• 

* 

! o 

i 

O 

CA 

O 

c 

O 

O 

o 

: ^ 

CM 

VD 

CM 

VD 

00 


i 

O 

VD 

A 

£> 

CM 

CM 

! ^ 

00 

CA 

O 

CA 

!>- 


* 

V 

• 

• 

ft 

V 

«• 

I ^ 

j 

o 

O 

T~ 

O 

o 

O 

VD 

tA 

tA 


!>“ 

VD 

A 

CM 

o 

VD 

CM 

VD 

CM 

CM 

{>■ 

00 

CA 

O 

CA 



• 

» 

*• 

(» 

• 

ft 

ft 

o 

o 

O 

T- 

O 

o 

O 


o- 

T— 

A 

CM 

A 

A 

VD 

00 

A 

I>- 

00 

CM 

A 

VD 

CM 

• 

VD 

» 

CO 

o 

CM 




O 

o 


T — 

T-^ 

4 

'T- 


E4 \ 


A 

A. 

IC\ 

ir- 

A 

- — 



O 

> 

ft 

* 

CM* 

fM 

CM 


VD 

A 

o 

c 

^ 1 


O 

A 

A 

A 

I>- 

C. 

0 

u^ 



1>- 


T~ 

D 


V- 


VD 

i" 

00 

00 

CM 

CA 

00 

O 

CA 

A 

00 

A 

A 

CD 

A 


00 

VD 

O 

a\ 

A 



A 

A 

A 

A 

A 

CM 

O 

o 

O 

O 

O 

O 

O 

O 

o 

o 

o 

o 

O 

o 

O 

O 

O 

o 

ft 


4 

• 

4 

• 

4 

4 ’ 

4 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

CM 

o 

o 

o 

o 

o 

o 

CM 

4 

« 

4 

• 

• 

• 

4 

4 

# 


00 

. VD 

o 

T- 

00 

A 

A 

VD 

A 

A 


A 

A 



A 

A 



TABLE 5, 

LIEEUSIOE DATA AH L ( ..■'[|>UTED VALUES 


o 

ltn 


CM 


Q 



s ,- 


c^^ 

CM 

CM 

CM 

CM 

L- 

M ' 


CO 

MO 

CM 

CM 

O 

tCA 

V 

CM 1 

1 

O 

ur\ 

to 

CM 

« 




* 

*> 

» 

• 


LT 

00 

* r 

CT> 


CO 




o 

g 

O 

LTS 

Hi 

m 

1 >- 



UTs 

g 

• 

• 

CtJ 

CM 

l> 

o 

LPv 

11 

n 


IS 3 



CD 

P^ 


LTN 

o 

(1 


o 

0 ) 

CO 


a 

o 


m 

II 


-P 

•H 


CM 

CM 

CTv 

r- 

O 

o 

a 

11 


t 

] 

CIV 
CTs 
MO 


I 


O 

< 1 > 

CO 


1 CM 

i 


CM 




o 

(D 

CO 


CM 

a 

o 


CM CM 

w a 
o 


1 - 

CJ 



cn 

CM 



A 

L'^ 

•r U 

^M 



MO 

to- 

vO 

CA 

LA 

MO 

CM 

I 


o 


CM 

T- 

4 

j- 

c 


■» 


• 

* 

• 

!>* 


CO 


00 

cy\ 


00 



CO 

CM 


l>r\ 

M) 

LA 

00 

CM 

\— 


T"* 


kn 

a) 

i>- 

CA 

O 

a^ 

00 

CD 

1 


tA 

00 

l‘\ 

CO 

CM 

tA 

C\J 



CM 

CM 

CvJ 


• 

i. 

« 


« 

• 

* 


it 

o 

o 

O 


O 

O 

O 

c 

D 

tA 

tA 

D 


o 

MO 

t<' 1 

CM 

CO 


’.On 



CO 

00 

CA 


O 

cr\ 

oo 

MO 

I 


tA 

00 

VO 

O 

CM 

t<^ 

CM 


CM 

CM 

CM 

(OJ 

A 


- 

■j 


« 

« 

• 

:> 

w 

o 

c 

O 


o 

o 

O 

o 

O 


CM 



cr» 



t ^ 

00 

MO 

t^^• 





iA 

n 

CA 


o 

trs 


LA 

CM . 

IC\ 

10 

LA 

<Y— 

Cvl 

T— 

1 

CM 

T— 

v- 


• — 

• 

K, 

• 


• 

• 

• 

* 

• 

o 

o 

o 


o 

o 

Q 

Q 

o 


CM 

CD ’ 




CM 

t> 

^4. 

G"\ 


a 

A 

O 

xh 


A 

CM 

A 

A 

VD 

PP O ; 

T— 

AJ 

- ^ 

I 


T— 

T-* 



s«-> j 

t 

> 

J 


a 

• 

• 


• 

1 

! 

o 

o 

.o 


o 

o 

o 

o 

CA 

i 












v 

A 

A 

MO 

CO 


T— 

; ' 

j 


T~ 

CM 

LA 

X, *— 

A 

t'- 

GO 

o^ 


o 

CM 


MD 

CO 

O 

CM 


o 

o 1 

• 

• 

* 

• 

• 

» 

• 


4 

■ j 

o 

o 

o 

o 

o 

T-* 

•r- 


T- 








A 




•r- 




•V— 

CM 

A 

00 

!,A 



A 

^r. 

A 

T X 

M 

VO 

A 

c- 

-J- 

i 

% 


U . 

> ' 

C . 

A- 

A 

a: 



CT 

t 


o ■ 

•» . 

♦ 

» 


V 

O* j 


G'\ 

o 


A 

T-* 

o. 

o 

CO 




v~* 















T- 

A 





T-' 

VD 

CM 

"s; 

MO 

n- 1 



• D 

VC 

*r^ 

OO 

A 


r- 

•H ; 

1 


CM 

CM 

VO 

LA 

00 

li\ 

(M 

H ; 

‘ A 

00 

O 

O 

0 

A 

T“ 

o 

CO 


i ^ 

^ - 

CM 

CM 

O 

O 

o 

o 

O 



H*, 

O 

O 

o 

o 

o 

vG 

o 

a ^ 

* 



' 

» 

• 

r. 

•» 


^ ; 

; o 

o 

O 

u 

o 

o 

c 

r" 

c 




OD O o 

f , f • 

O lA CM 


O 

o 3 


o 

o 

CM 

CM 

00 

* ' 

• 

• 

> 

• 

A 

CM 

o 

O 


CM 

A 

A- 

Co 

GO 



DIFFUSION r-ATA AjH) COyEPUTjED VALUES 


^ CSt CM 
|H1 g 
O 


ts^ 

■ \ 

lA 

LA 

LA 

CA 





\r 

LA 



LA 

00 

CM 

A- 

T— 

VX) 

O 

VjO 

MD 

CA 

r- 

CM 

LA 

* • 

a 

■' • 


' • 

“ • 

' • 

■ ♦ 


00 

D- 

QD 


'=:m“ 

' Ir- 

o 

00 

T” 









• ^ 

tA 

T- 

T*“ 

T~ 

o 



CA 



tA 

LA 

CA 




O 

LA 

r- 


O 

V£) 

o 

1 

t>- 

CM 

LA 

« 

• 


‘1* 

• 


• 

• 

;« 

00 

t-- 

CO 




o 

00 

T* 









T*^ 

LA 

!>> 

LA 

VsO 

VD 


LA 

o 

00 

LA 

CJ 

00 

o 

00 


O 

A 

VD 

KO 

00 

\o 

VD 

LO 

CA 

o 

VO 

CO 

C\J 

AJ 

CM 



LA 

CM 

CM 

T— 


• 

• 

<a 

'• 


■» 

■# ' 

• 

c 

O 

o 

a 

O 

T- 

o 

o 

o 


CM f 

a 


CM CM i 
« 0 
O 


LA 


VO 

CA 

T— 


CM 


CM 

A 

^A 

00 

O 

CA 


T~ 

CA 

O- 

VO 

00 

VO 

VD 

VD 

I 

o 

VD 

00 

CM 

OJ 

CM 




CM 

CM 

'T* 


a 

•• 

W 

• 


’* 

'• 

"• 

O 

o 

o 

o 

O 


o 

O 

o 

CA 


CA 

IC\ 

tA 



A 

A 

00 

CM 

CM 

CM 

tA 

o 

’T— 

A 

CM 

A 

00 

VO 

CM 

CA 

A 

{>- 

A 

ICS 

^A 

^A 

^A 

VO 

VO 

"T— 

CM 

CA 

CM 

• 

• 

• 

• 

• 

• 

* 

• 

'• 

o 

o 

o 

o 

o 

CM 

O 

O 

o 


no 

urs 

Hi 


a> 

00 


PQ 

CM 

Ln 

43 


•• 

• 



VO 


H 

O 

11 

II 

i 

cb 

A 





m g 


u a 

O 


CA 

o 

o 

o 

o 


o 

o 

o 

00 

CA 

CA 

Ct'V 



CM 

VD 

CA 

A 

00 

VD 

CM 

CA 


!> 

A 

A 

CA 

CA 

CA 

VO 

VD 

1 

CM 

CA 

CM 


• 

• 

« 

• 


• 

» 

« 

o 

O 

o 

o 

o 


o 

O 

o 



o 

T— 

A 

CM 

UA 

A 

VO 

00 

A 

l>- 

00 

CM 

O 

o 

CM 

'st- 

VO 

CO 

o 

CM 


VO 

• 

« 



« 


• 



o 

o 

o 

o 

o 

r~ 

T— 

TT— 

T-* 



1 


VO 


O 

T— 

CM 

T- 

CM 

CM 

O 

! A 

A 


O' 

v-* 

to 

CA 

CM 

O' 

o 

i ^ 

T— 

CA 

to 


o 

VD 

CM 


■' ■• 

• 

• 

• 

• 

• 

• 

• 

tt 


! ^ 

A 


CM 

CM 


*r“ 

T" 

o 



i 

; 

CO 



o 

O' 

VD 

o 

T- 

T- 


t 

CM 

A 

T" 

0) 

o- 

T— 

CM 

(A 

-p 

o 

CA 


-d- 

A 


CA 

00 

O 

o 

: *H 1 


T" 

T~ 

vo 

A 

CM 

KN 

CM 

T— 

• 

i ^ 


r- 


o 

o 

o 

o 

o 

o 




O 

o 

o 

c 

o 

o 

CA 

o 

u> 

• 

• 

• 

• 

• 

ft 

•' 

• • 

ft 

ft 

fl 

S i 

cb I 

1 o 

! 

o 

o 

o 

o 

c 

o 

D . 

o 


• &1 


A 

o 

o 

o 

c 

o 

O 

o 

O 

• 

• 

• 

ft 

% 

< 

« 

« 

ft 

00 

o 

T— 

CA 


CM 

o- 

00 

t'-' 


T- 


CM . 

A 



A 

Op 



TABLE 3,15 

mPEUSION DATi^ AWD COMPUTED VALUES 


LA 

t— 

LA 

KO 

VO 




CO 

tA 

tA 

(A 


CO 


o 

!>■ 

Ch 


1 


♦ 

• 

9 

• 

♦ 


» 


VO 

LA 


OJ 


CVJ 


cj s i 

m & I 


T"* 

CA 

CO 

CO 



CO 

rA 

D- 

CA 

CA 

!>• 

o 

o 

CA 

O 

CM 

O 

d 

d 

• 

4 

d 

4 

VO 

LA 


tA 

tA 






tA 

CM 






tA 

LA 

VO 

lA 



lA 



O 

tA 



00 

o 

LA 

CA 



CM 

tA 

tA 

VO 

1 

o 

• 

d 

d 

. • 


• 

o 

a 

o 

o 


o 





VO 

VO 

LA 


LA 

tA 

CA 

00 



o- 

00 

Y— 

■r- 

00 

o 


LA 

LA 

1>- 

c\] 

tA 

tA 

lA 

O 

o 

t 

• 

• 

• 

• 

• 

o 

O 

O 

O 

o 

o 


ra 

(D • 

LA 

CA 

PM 


pq 

O 




« 

O 



O 

• 

•H 

ciJ 

T— 

VO 

H 

o 

11 

11 

• 

lA 

CS3 

pc, 



CM 

CM fi 

m O 


CM S 
R O I 


IT- 

CM 

00 

T— 



LA 


T~* 

LA 

00 

CA 

VO 

!>- 

00 

iA 

00 

1 


• 

• 

« 

• 

• 

o 

O 

o 

o 

T~ 

o 



CM 

00 

tA 

LA 

Y— 

LA 

LA 

O- 

Y— • 


Y— 


CA 

VO 

lA- 

00 

CA 

LA 

T— 



• 

• 

« 

• 

« 

• 

o 

O 

o 

O 

Y~- 

o 

o 



tA 

LA 

VO 

00 




CM 

tA 


lA 

lA- 

00 

o 


VO 

00 

o 

CM 


m 




• 

• 

• 

O 

o 

O 

o 

T“ 

T— 

T— 



1 







(A 

''sh 

1 

1 

ji 


tA 

VD 

T— 


o 

o 

\ 


5 

CA 

00 

CA 

00 

T~ 

CM 

CM 


o 


O 


Y- 

lA- 

Y— 

00 

VO 

0 «\ 1 

o 

3 

- ! 

tA 

CM 

CM 



o 

O 

j 

1 


.1 


CA 



r~ 

T- 

lA- 

O 



-v— 


LA- 

CA 

Y— 

o 

00 

• ^ 



Kt" 


LA 

VO 

tA 

lA- 

CM 

A- i 


•H 1 

VO 

LA 


tA 

CM 

T— 

T~* 

VO 


H ^ 

o 

O 

o 

O 

c 

o 

c 

' 

: ^ 


o 

s3 

o 

<A 

c 

o 

o 

ii i 

^ i 


3 ' 

c> 

% 

O- 

» 

o 

• 

O 

* 

o 

• 

o 

M 

o 


E^ 


o 

O 

LA 

o 

O 

o 

O 

* 

4 

« 

4 

•« 

• 


CA 

A- 

■Y— 

(A 


CM 

00 

CM 

tA 



VO 

tA- 








1 

t 

1 

! 

CM i 

o^ 



CO 





to 





4 

0) f 

00 


to 



CO 



LfX 





1 


CM 

MO 

vO 

CM 

I 


I 

1 






P 1 

% 

» 




* 







m i 

1 

t>- 

MO 




CM 







o 

.i 













li 

i 













u; 

i 

cr\ 


to 

( '\ 

CO 

o 

-V — 

LO 






”r- 

00 

CM 

o 

\ “ 

MO 

(J\ 

LO 

lO 






<1^ 

CM 

MO 



CM 

o 

to 






• 9\ 

P 

• 

» 



, 

« 

• 

* 





1 

P i 

C>“ 

MO 

■ -M- 

!0 

CM 

to 

CM 

T~ 





✓-“N. j 














O 1 















O i 













CQ I 

O 1 

CO 

00 

X) 

r ! 


JO 








CD i 

MO 


■ ■~~ 

^ * 


CM 







B 

CM \ 

tO” 

O 

•T\ 

Cj 


T~ 







>3 1 

P CM 

CM 

to 

vh 

M; 

1 

OC- 

1 

1 






s i 

» 

• 


■* 


V 








S ! 

o 

o 

o 

O 


o 







^ ! 














to 

' 









■';ij 

1 



• 1 

O 1 













^ 1 

CD 

CO 

CO 

OC' 

to 

;.o 

0 

LO 



i 




CD 1 

\o 


*1— 

o 

c> 

o 

00 

to- 


1 



„ 


I>- 

o 

cr\ 

CO 

CO 


LO. 

00 






CM ! 

CM 

to 

'^'■ 


oc 

m:- 

00 

to 





p 


» 

• 

• 

*■ 

* 

«. 

• 

• 






P O 1 

O 

o 

o 

o 

o 

— N 

o 

*r- 

P 





•Vw-^ ] 












! 

i 








E-tl 

\ 



• <»s 5 










P| 

i 




J 

! 

cy\ 

cn 

lO 





"iil 

1 



■p 3 

* 


O 

L^ 



f ■ 




k 



-H ' 

CM 5 

MD 

t- 

A — 


1 

nc 

i 

I 

o 




p J 

: Si 

! • 

• 

>i ' 

• 





. o 


o 



m o 1 

1 o 

o 

*r~ 

T— 


\ - 



\o\ 




£ 

B 

Vw' ■ 









T-j 

Qi 


lA 

P? 

§) 










«j 


o 


P 


j 









LP.! 

cql 

p 

O 



i 


CTs 


to 

CA 

o 

[ - 

MO 

J 


« 

o 

CM 

! 


O 


to- 

MJ 


c ^ 

CM 

■ 
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o 

• 

LO 

CM ; 

MO 


T— 

co 

o 

LO 

t 

CM 

P 

fcH 

o 

T* 

IP 


' T- S ! 

* 

• 

• 
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• 

• 


e 

P 





CM 

pq O' 

* o 

o 

T— 

T~ 

CM 

•T — 

T- 

to 

?? 

P] 

o 

11 

n 

o ! 

N.-> 

1 








e-f 

. 

to 



O ! 












iS3 

p 

• ’ 

t ! 

1 








ol 




O i 

i i 

! 

l>- 







M 





( ' 


T~ 

CO 

to 

MO 

CO 


T— 

CO 




ii 

._ 1 

! 

-"C — 

CM 

to 

vj- 

LT. 

L - 

00 

P! 




1 

a 

O 

. CM 

• 

MO 

00 

c 

CM 






< 

ph 3 

• 

• 


* 

• 



• 

s 





1 

o 

o 

o 

o 

o 

r- 

T- 

T- 

PI 





j 













*#«. 


i 














1 

CO 

o- 


o 

CM 

\ ■ 

T- 






<i| 

i LO 

T— 

o 

t>“ 

o 

T— 

t' 

to 





o 

1 ^ 

" T~ 

00 


to 

CTn 

T~ 

Cl 

LO 







« 

• 

» 

• 

■> 

( 

« 

• 





V£> 

I 

to 

CM 

-r- 


o 

T-“ 

O 

o 





VO 














11 

















m 

to 

L-- 

!>• 

to 

CO . 

to 





eT* 

-P 

00 

MO 

t> 

:o 

t<\ 

(J\ 

V > 

'M' 






I -H 

£>- 

o 

VO 

c ^ 

CA. 

to 

1-- 







J H 

t \o 

MO 

K\ 

CM 

T— 

CM 

» — 

T~ 







’ c 

o 

O 

O 

o 

O 

c. 

o 






o B 

i ■ O 

c 

O • 

O ■ 

o 

o 

O . 

o 






1 CD 

■» 

*. 

* 


• ' 

• 


* 






1 

i 

I ^ 

s 

o 

o 

n 

o 

p 

Cy 

o 






1 

1 

! 

* c 

c 

CM 

ir\ 

CO 

r 

uO 

CM 






1 

1 * 

* 

• 

• 

% 

• 

% 

* 






! 

lo- 

T— 


'MO 

CO 

to 

i ^ 

o 






1 

1 

1 ^ 

to 

'M* 

lO 

M£> 

\D 


00 



Ln 




mi 


§ 

§ 

P^ 

s 

o 

o 

g 

§ 


P 


£>- 

m 

o 

II 

W 


o 

<D 

OQ 

a 

o 


m 

vr> 

fi 

D 


K 

I 

i P 


O) 


o . 

a> ; 

U2 ^ 
\ ! 
CsJ OJ f 

p a 

O i 


b- 

m- 

CM 

6 

<■ 

<y\ 

o 

m 

00 

VD 

.-C.A 

T- 

C^^ 

O 

T~ 

c^. 


# 

•• 

• 

b 

» 

• 

• 

• 

00 


00 

VD 

VO 


m 

00 


1 


CQ 

T- 04 

p a 
o 


04 1 

I CM a ( 

» fq '• 


TOI 

<D 

P 

lA 

C^ 

o 

• 

o 

K, 

p 

m 

• 

p I 



-r- 

i>- 

•H ! 

CM 

O 

II 

II 

^ i 

a 

P o 

m 

CS3 


1) 



t>- 

VO 

o 


ID- 



00 

m 

— 

o 

'•M- 

m 

VO 

^<^ 

"-i- 

VD 

on 


CTN 

O 

C4 

o 

• 

• 

« 

w 

• 

• 

• 

» 

00 

00 


00 

VO 

VO 


VO 


m 

cr\ 

o- 



'=V- 


o 

o 

CM 

VO 

T— 

ID- 

ID- 

m 


m 


VD 

T- 

m 

CM 

VO 

T- 

CM 

CM 

C j 

m 

m 

m 

m 

T~ 


• 

» 

• 

« 

• 

* 

• 

O 

o 

o 

o 

o 

o 

o 

o 

KV 

CM 

l>- 

•*^4» 

o 

_ 


o 

O 

m 




•. - 

no 

ID- 

m 

c- 

VD 

T— 

m 

o 

m 

■r- 

CM 

CM 

CM 

m 


m 

m 

T— 

• ■ 

• 

« 

• 

■ * 

• 

• 

« 

o 

o 

o 

o 

o 

o 

o 

O 

m 


o 

o 

o 


o 

o 

m 

CM 


VO 

VO 

m 

cn 



OTN 

tD- 

I> 

£>- 


00 

m 

m 

m 

m 

VO 

l> 

T— 

ID- 

CM 

• ' 

• 

a 

-• 

♦ 

• 


* 

o 

o 

o 

O 

o 


o 

o 

m 

o 

o 

O 

o 



o 

m 

m 

c^ 

VO 

m 


00 



OV 

[>■ 

c^ 

o 

o 

ir- 

m 

m 


m 

VD 

£> 


o 

CM 

• ■ 


• 

• 

• 

•V ' 

* 


o 

o 

o 

o 

O 

•r- 

o 

o 


IS} 

T— .1 



ID- 

T- 

m 

m 

VO 

00 


r- 

o 




T— 

CM 

m 

■^r 

m 

CD- 

CO 

M 

CM ! 

a 

o 

CM 


VO 

00 

o 

CM 


CO 

CM 

u o 

• 

<i ' 

• 

u 

♦ 

• 

• 

• 

P 

P 

a 

o j 
o 

o 

1 

1 

i o 

o 

o 

o 

o 





O 


o 

lA 

VO 


<4 

o 

O 


11 ! o 


•p 

•H 

H 


QD 


VD 

OI 

VO 

00 

T- 



CM 

m 

'O 


00 

00 

m 

m 

CM ! 

ID- 

m 

CM 

m 

o 

''M' 

m 

o\ 


• 

* 

« 

» 

• 

« 

• • 

m 

m 

m 

CM 

CM 

T— 

V 

O 

m 


CM 

m 

m 

Y— 

i> 

CO 

m 



L'- 


cr\ 

vo 

m ; 

m 

m 

CM 

ID- 

VO 

T— 


o { 

00 

ir- 

CD- 

m 

^ . 

m 

m 

CM j 

o 

o 

O 

o 

o 

o 

o 

o 

o 

Q 

O 

o 

o 

o 

o 

o 1 

• 

# 

« 

* ' 

* 


• 


o 

O 

o 

o 

• o 

o 

o 

O I 


B' r 


c 


ID- 

00 

00 

c 

CM 

. J 

9 

• 

• 

J 

* 



* 

Q 

m 


CM 

o 


T— 


CM 

CM 

CM 

t^\ 

4* 

LA 

IT, 

VO 


I 



DIgPUSIQIT DATA AIO) COMPUTED VALUES 


in 

m 


ra 

tD 

PQ 

C5 

O 

m 


Q\ 

O 


11 

CSJ 


o 

« 

cr> 

II 


f 

I 





i 

1 

i ^ 


y^ 


00 

i>- 

CM 

CM 


CM 

CM 



MO 

MO 

MO 

LA 

T— 


CD 


1 LA 



T~- 


!>• 

cr» 

V- 




S •■ 

• 

• 

• 


* 

• 

4 


|2h 


!>' 

O- 

MO 

M> 

LA 

LA 


I>- 

T- 











\o 











m 



i 








a 



! ^ 


<Ts 

00 


CM 

tn 

MO 

II 

1 


CM 

o 

tn 

MO 

CTs 

Q 



f 0) 


in 



T- 


00 

TT* 

tn 

NJbl 

1 1#* 

L 


f • 

« 


• 

« 

* 

4 

• 


1 o- 

1 

t> 

MO 

MO 

LA 

LA 

LA 

i>- 

r 

i 

1 


1 








* 


o 

!>• 

cr\ 

in 


00 

tn 

ip- 

in 


1 

CD 

^n 

<X) 

ip. 

cn 

CM 

00 

CM 

tn 

o 


03 



o 

t— 


'Cd- 

CM 

MO 

CD i 

! 



tn 




-sh 

LA 

tn 

CQ ! 


CM 

• 

■ % 

» 

• 

f • 

» 

p 

f 

"a 

>, JM 
XA 

i\ 


o 

o 

o 

o 

O 

o 

Q 

o » 


1 








i 

1 











VjD 1 


o 

c- 

CM 

in 

ip- 

<0% 

MO 

MO 

crs 

m 


(D ' 

tn 

(Ts 


(T\ 

o 

LA 

LA 

T— 

n 


03 


■ 

o 

ip- 

£> 


O 

in 

LA 



cn 

tn 





LA 

tn 


T— 

i 

CM ‘ 

• 

• 

* 

t 

. .♦ 


.« 

• 

II 

pq 

S ' 

o 

O 

O 

O 

o 

o 

o 

o 

D 


W 1 

1 


LA 


LA 

LA 






I 


tn 


T* 

00 


CO 




y-s I 

CM 

tn 

CM 

M3 

LA 

T-. 


MO 



CM j 

\o 

MO 

l> 

O 

00 

00 

rr\ 


« «s 


a ! 

w 

« 

« 

• 

« 

« 


.ft 


PQ 

o 

o 

o 

o 

o 

o 

o 

O 

O 












-p 











•H 











H 


CM 



<r\ 

T-* 

lA 

cn 

00 

a\ 


-Hr- 


CM , 

in 

CM 

MO 

LA 

o 

ip. 

tn 

R ■ 


O 

MD 

MO 

c- 

I> 

00 

00 

0\ 

M> 

So 

f* 


• 

• 

• 

• 

• 

* 

» 

♦ 


1 


o 

o 

o 

o 

o 

o 

o 

o 

IT- 











CM 











00 

1 










CM 

i 



£> 







o 

i 

1 

1 : 


tn 

LA 

MO 

00 


•r“ 

o 


y'-N j 

i 

r- 

CM 

tn 


LA 

I> 

CO 

« 

a 

1 

CM 


M> 

CO 

o 

CM 


o 

I 


I • 

• 

« 

• 

• 

• 

• 

* 

II 


w 

i ^ 

O 

o 

O 

o 

T- 

r- 

T- 

ccj 



t 

! 








o 











« <K 



bn 

(X) 


l> 

£> 

MO 

MO 

I> 


O 


m 


CM 

tn 

CM 

r- 

CM 





CM 


KO 

tn 

CTv 

n- 


tn 

o 


» 

• 

* 

• 

# 

• 

• 

« 



^n 

m 

CM 

CM 

r- 

ip. 


ip. 

00 











ir\ i 



MO 



CM 

O 

T" 

T- 

*r- 

II ; 


-p ' 


00 

Os 

CTv 

tn 

t-!' 

CM 

O 

1 


H 

1 ' TT 

CO 

r 

LA 

-<?+* 

o 

O 

CD 



H 

c% 

00 

C- 

MO 

LA 

lA 


in 

j 



1 O 

o • 

o 

O 

O 

o 

o 

’ c 


' c 

r 


o 

o . 

O 

o 

o 

o 

o 



MU 


• 

• 

• 

• 

f 

«' 

ft 

1 



1 

i 
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o 

o 

o 

c 




; O 

o 

o 

o 

o / 

o 

o 

o 



i • 

♦- 

• 

.• 

4 

• 

• 

« 


; B 

: 

1 

! i> 

00 


00 

in 

CO 

MO 

00 

1 

1 


i 


CM 

CM 

in 

tn 





j 






f 

♦ 



\o 

tn 


§ 

c^t o 


ITi 

pq 

<35 


P 

o 

H 

CO 

P 

ft 


rt5 

a> 

p 

C]3 

O 

LO 

Kt* 


s 

tr\ 

O 


II 

IS3 


O 

o 

T“ 

II 
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F = 7.5 LPM. 


FIG 5.13 



RADIAL POSITION (CMS.) 


450 GMS BED 
Z « 6.285 CM 
F = 7.5 LPM 


FlG-5.14 



^ DlSTRibUTION CURVES 

• reflected points 



radial position (CMS) 


F1G_5.I5 



RADIAL position (CMS) 


450 CMS BED 
Z = 10.095 CM 
F = 6 LPM- 


450 GMS BED 
Z= 10.095 CM 
F=7LPM 


FIG_5.I6 
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TRACER DISTRIBUTION 

• REFLECTED POINTS 



RADIAL POSITION (CMS) 


FIG.-5.I9 



RADIAL POSITION (CMS) 

FIG._5.20 


CURVES 


450 GMS BED 
2 = 1 0-09 5 CM. 

F = 10 LPM 


450 GMS BED 
Z =10.095 CM 
F =11 LPM 
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TRACER DISTRIBUTION CURVES 

• reflected points 


450 GMS BED 

Z =10.095 CM 
F= 12 LPM 


radial position (CMS) 

FIG^5.2I 


450 GMS BED 
Z =10.095 
F =13 LPM 




F1G^5.22 




FIG.5.23_B Vs. Z FOR THE FLUIDIZED BED 
AT €= 0.58 








F1G.5.25_ B Vs. CENTER -UNE COMPOSITIONS {CfcJo 
AT Z-10.O95CMS. AT DIFFERENT 
FRACTIONS VOID 
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